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0 
This is the first issuance of an ongoing effort to CCIIpile and distribute 

Central RSgion Applied Research Papers (CW\RP) • This issue reflects only a 
snell part of the en-station research efforts that currently are being perfonned 
by the operational personnel of the Central Region. It is clear as the ~tional 
Weather Service becc:nes nore involved in using high technology to sanple, 
describe and forecast the weather that a rredium be available that will en:::ourage 
the transfer of useful knowledge and skills to other N'i/S offices. 

Oftentimes on-station research efforts and case studies are only circulated 
locally due to the t:i.ne and effort required to put the study into "publishable" 
fo= (both text and graphics). This CW\RP carpilaticn is a vehicle to distrib­
ute scientific and cperational infornation to other N'i/S offices witlxmt forcing 
the aut.h:>rs to perfo= the timeH:!onsuning work typically required to "pretty up" 
the figures. 
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THE CliEYENNE WlNDSIDRM THAT NE.VER CAME - AID1'HER LESroN IN REAL TIME ANALYSIS 

1. Introduction 

Etlward K. Beny 
National Weather Service Forecast Office 

Cheyenne, Wyaning 

On !obOOay, February 8, 1988, a high wini wa:rning was in effect for Cheyenne 
an:i nruch of t:re win:i prone areas of sout:reast Wyaning. Tte wa:rning was issued 
by the day shift fran the previous day. Tte wa:rning went into effect at 12:01 
a.m. MSl' !obOOay. Even though there were two episodes of relatively strong 
win:is, high win:i criteria was rot reached at Cheyenne (sustained win:is of 40 rrph 
with gusts to 58 ng;h for an exten:ied period of time) • One peak gust fran the 
west of 35 rrph oc=red at 4:00 a.m. MST an:i another gust of 41 rrph was at 2:00 
p.m. MST. Furthel:nore, around 8:00 a.m. MSI', the winds at WSFO Cheyenne were 
nearly calm. 

All nUirerical guida=e and cbseJ:Vations upstream (at all levels of the 
troposphere) fran Wyaning an SUnday strongly suggested a high win:i event for 
Cheyenne was going to occur the rext day. Inclu:led in this guidance was infor­
rratian fran a high win:i program developei at WSFO Cheyenne. Tte program is run 
twice daily on AFOS, an:i en SuOOay evening the program said 'WARN" for Monday. 

The February 7 warning did not verify! In fact, during tre office rrap 
discussion at roan time M:mday, eveiYQne asked, "Why didn't the win:i blow?" As 
a result, this paper was written to offer an explanation for the forecast 
"bust." The rrain ];Oint is to illustrate the usefulness that real time I!O!litor­
ing of t:re troposphere can offer as a s:oort ta!p:>ral scale forecasting tool 
(less than 12 l:x:lurs). Also, sane discussicn of the "syroptics" of front range 

Rocky Mountain high win:i events is given. 

2. Discussion 

Figure 1 is the 500 mb analysis for 12Z (5:00 a.m. MST) M:mday, February 8, 
1988. As rrany forecasters along t:re front range of the Rockies kncM, this type 
of west-northwest to rorthl'est 500 mb flow is a favo:r:able synoptic scale regime 
for high win:i events. careful inspection of t:re velocity, tE!!Q;)Elrature an:i 
height ten:iency data in:iicates there are two separate !IBX:i.mums in cyclonic 
relative vorticity, one near soutrnest Idaoo an:i the other <:Her nortl::west 
Montana. 1\dditionally, the rragnitude of the velocity field upstream fran these 
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FIGURE 1: 500 MB ANALYSIS VALID 12Z MONDAY, FEBRUARY B. 
•x• INDICATES THE APPROXIMATE LOCATIONS OF CYCLONIC RELATIVE 
VORTICITY. SOLID <DASHEDl LINES DENOTE THE HEIGHT CONTOURS 
<ISOTHERMS>. OTHER SYMBOLS AND DATA PLOTTING ARE 
CONVENTIONAL <IGNOHLLINES TRACING OVER HEIGHT CONTOURS AND 
ISOTHERMS). 
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features is slightly greater. This suggests that cyclcmic vorticity was advect­
ing into the bases of these two short waves which supported continued digging of 
the troughs. 

Figures 2 am 3 are tbe 24-mur Nested Grid MXIe1 (m.t) forecasts valid 12Z 
z.tmday (these were the sarre numerical forecast guidance products used to issue 
the high wind warning for pn-ts of southeast Wyaning en Sun3ay aften= for 
z.tmday) • Other numerical guidance (LFM am AVN) was similar to the m.t 24-hour 
forecast solutioos at all levels of tbe troposphere. Figure 2 depicts the 24-
hour 500 IIb height am vorticity forecasts. Three rrax:i.na.ms in absolute vortici­
ty (relative vorticity plus the earth's vorticity- units of lo-5 sec-1) are 
depicted over the Rockies. The one with the greatest nagnitude is over north­
west M:>ntana, am a weaker one is over tbe southeast :[:art of that state. A 
relatively weak rraxinnm is shown over northeast Nevada. Ccrrparing with 
Figure 1, this forecast is reasc:nably !;POd for M:>ntana. li:Jwever, the rraximum 
v-orticity cbserved over southlest Idab:> was forecasted to be !OClVing into north­
west Utah -a little too fast, too far south, am pJssibly with mt enough 
nagnitude. 

Figure 3 depicts the 24-mur sea level pressure and 1000 to 500 mb thick­
ness forecasts. The inp:)rtant thing to cbserve is the forecast surface pressure 
gradient across eastern Wyaning with pressures forecast to be greater than 1020 
IIb over eastern Colorado. Additionally, note the 1007 IIb surface low forecast 
to be over mrthern South Dakota (in response to cyclogenesis in the lee-side 
trough due to the M:::ntana srort wave trough depicted in Figure 1). Thus, tbe 
surface sea level pressure gradient is favorable for vertical xranentum transport 
with a:PJ;Brently sufficient nagnitude for a southeast Wyaning high win:l. event. 

Figures 4 am 5 are surface analyses valid for 15Z am 21Z z.tmday, respec­
tively (8:00 a.m. am 2:00 p.m. MSl'). Cbserve fran Figure 4 the surface low 
over eastern South Dakota. l)bte that lowest surface pressure is 1015.1 IIb at 
Huron, South Dakota (IDN) - much greater than 1007 IIb that Figure 3 sl:D\'s for 
the surface low (a 12Z surface nap was mt available~ l:D\'ever, CCJI1P3Iing Figure 
4 to Figure 3 is still valid to nake the above J;Oint). Additionally, there is a 
weak cyclonic circulation in the lee-side trough with surface pressures roughly 
two to seven IIb lower than the 24-rour NGM predicted over northeast Colorado. 
Hence, the 24-mur m.t forecasted surface pressures to be too low to the mrth­
east of Wyaning am too high to the south. That is, the NGM over-forecasted a 
northlesterly geostrophic win:l. at the surface over southeast Wyaning. Fran 
Figure 4 note the very light east-southeast win:l. at Cheyenne (CY'S) - to 
everyone • s surprise in the forecast office! 

Figure 5, the surface analysis valid for 2:00 p.m. MST M:ln:l.ay, in:l.icated 
that the weak cyclonic circulation progressed southward through eastern Colorado 
(as woold be expected quasi-geostroPhically- Holton, 1979). Additionally, the 
low pressure trough shown over mrt:h.lest Wyaning at 8:00 a.m. MST (Figure 4) 
un:l.el:went cold frontogenesis am is shown as a southward !OClVing cold front over 
eastern Wyaning. Also, a very sr:tall anticyclone was located near Worlam (WRL). 
The cOld front farther north was the leading edge of much colder Arctic air. By 
this tixre, the win:l. at crs was again fran a west-northlest direction. The 
distributicn of surface pressure am "fronts; highs,· am lows" at 2:00 p.m. MST 
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FIGURE 41 SURFACE ANALYSIS VALID lSZ MONDAY, FEBRUARY 
"TROF" AND DASHED LINES MEAN A LOW PRESSURE TROUGH. 
SYMBOLS AND PLOTTING ARE CONVENTIONAL, 
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was the result of CCllillicated intezactions between the short wave trough CNer ~ 
Mxltana at 12Z, the terrain, and app:irently dynamics involving llUlch smller than 'J 
synoptic scales of moticn. 'lb quantify this is well beyom the scope of this 
paper. 

With all the above figures in mind, it appears that the rrai.n reascn ~ 
there was ro wind rreeting high wird =iteria at Cheyenne was the lee-side cycle­
genesis CNer eastern Colorado. That developrent created a pressure gradient 
that was rot favorable for vertical mixing of westerly m::mentum air down to the 
surface at Cheyenne (elevations above 8,000 feet MSL west of Cheyerme did report 
wind gusts that rreet N'lS high wind =iteria - the elevation of Cheyenne is 
abalt 6,000 feet MSL). Essentially, at 8:00 a.m. MSr, there is a weak easterly 
gradient wird cpposing the rorthwesterly geostrophic flow fran about the middle 
troposphere am above (this cyclonic circulaticn did not exterd even as high as 
700 IIi:> at 12Z MJnday)_over Cheyenne. 

But why did this surface low fonn in the lee-side trough CNer rortheast 
Colo:r:ado by 15Z MJnday and was rot predicted by the 24-hour NGM? The aru.wer Il8.y 
be the slx>rt wave trough that was CNer extrane southwest Idabo at 12Z M::lOOay. 
This feature was farther north am possibly more intense than the 24-hour NGl: 
predicted. Hence, with cyclonic vorticity advection above the lee-side trough 
over northeastern Colo:r:ado, one, quasi-geostrophically, would expect cyclogene­
sis to cx::cur in the lee-side trough (H:llton, 1979). The southwest Idabo 500 mb 
sl:x>rt wave trough was lcx::ated CNer northeastern Colo:r:ado by OOZ Tuesday SUJ;POrt­
ing this qualitative :cypothesis (not sl:x>wn). The NGl: Il8.y l:ave "missed" this 
developnent because of analysis and initialization errors in the 12Z Sunday nm 
(modeling of the CCllillex terrain along the front range of the Rockies nay lave /\ 
also contributed) • J 

Interestingly, the clue to a busted high wind warning forecast nay lave 
ccrce as early as abalt 21Z Sunday (2:00 p.m. MSr) fran the s-us (Satellite 
Weather Intapretation System) unit at the WSFO Cheyenne office. Satellite 
aninaticn did irdicate a significant "cama-cloud" feature IrOVing :rapidly north­
eastwards fran about 200 North latitude to near the coast of Washington State by 
21Z Sunday. The sl:x>rt wave trough CNer extrane southwest Idabo by 12Z M::lOOay 
was prci;lably associated with this system (there was a long wave low amplitude 
middle am upper tropospheric ridge at abalt 1350 West longitude - in the 
eastern Pacific - that Sunday afterroon) • In a relatively data void region 
like the eastern Pacific Ocean, it is ro suxprise that the Ill.lllerical m:dels did 
not forecast the eastern Pacific sl:x>rt wave trough very well. 

The lesson learned fran this busted forecast is that s-ITS can be used, in 
future similar "situations," to identify poorly initialized sl:x>rt waves which 
ilq;:e.ct the lcx::al forecast. Furthenrore, this_ case represents an excellent 
example of h:::w monitoring the atmosphere in real titre can be used as a sl:x>rt 
t6Iiporal scale forecasting tool (less than 12 hours) • This point las been 
stated "CNer am over" in the litezature, conferences, etc. However, it seems 
as if it llUlSt be stated again since there is a terdency to p.1t too llUlch faith in 
the nmerical guidance. 
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0 3. Conclusions 

_) 

Discussion of why a high event did mt occur at Cheyenne, Wyaning, has been 
presented. As a result of IOOdeling errors, the nagnitude of surface west to 
oorthwest geostm);hic win:ls were forecasted to be high CNer eastern Wyaning 
valid 5:00 a.m. MSl' M:mday, February 8. The m:rin error in all tre nmrerical 
guidance (l'GI:, LFM, AVN) was the iaipLoper prediction of a middle and upper 
trcp:lspreric sh::lrt wave trough that originated in a relatively data void region 
of the eastern Pacific. It is speculated that this short wave trough initiated 
cyclogenesis en the lee-side CNer northeastern <l:llo:rado causing a weak easterly 
g:radient win:1 to occur CNer Cheyenne. Thus, the pressure g:radient force was mt 
favorable for a high w:iirl event. 

A clue to this bJ.sted high win:1 forecast came Sunday afternoon, one day 
before this event was to coeur when SNIS aninaticn indicated a fairly signifi­
cant •cama clood• feature IIOII'ing through easten1 Pacific, a feature oot handled 
well by the IOOdels. If !IDre canside:raticn would have been given to what SOliS 
sh::lwed, the rusted forecast nay have been avoided. 

This case represents yet another exaili>le where real time IIDnitoring of the 
atroc>BP:tere can be used as a sh::lrt time scale forecasting tool to possibly avoid 
a bJ.st. This IIDnitoring can be done using real time surface and constant pres­
sure analyses, satellite inagery, :radar data, etc. 

4. Reference 

Holton, J.R., 1979: An Introduction to Dynamic Meteorology, 2nd Fd., Academic 
Press, 391 pp. 
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A CASE Sl'OilY OF A SIGNIFICANI' LAKE ENHANCED SN'Jf1 EVEN!' IN UPPER MICll:IGliN 

1. Introduction 

Ricl:ard Wagenrraker 
National Weather Service Forecast Office 

Ann Arlx>r, Michigan 

On April 1-2, 1987, a strong lCM pressure systa:n rroved across the rorthe:z:n 
Great Lakes region, bringing SIJCM to northern Wisconsin, Imlch of ~.ichigan, and 
southe:z:n Ontario. Snowfall began in advance of the storm systa:n in Michigan 
during the early II'O:z:ning hours of April 1 with lingering snCM showers continuing 
1.mtil about roon on April 2. 

Significant snowfall in the upper and rorthern lCMer peninsulas of Michigan 
was not entirely ~ted. HCMever, in this instance, several factors 
canbined to produce sane :rather ext:essive SIJCMfall totals in upper Michigan. On 
the II'O:z:ning of April 2, wro M3.rquette issued the follCMing public inforrration 
statanent for 24-h:Jur snCMfall: 

PUBLIC INFORMATION srATEMEN!' 
NATIONAL WEATHER SERVICE MARQUEITE MI 
815 AM Esr THO APR 2 1987 

THE CXXlPERATIVE OBSERVER IN MONISIN3 RER)Rl'S 'Z7 1/2 INCEES OF 
NEW SN'Jf1 THIS IDRNING FRCM YESJ.'ERDAYS AND LAS!' NIGHTS sroRM. 
CARS liRE REroRTED '10 BE CDVERED IN DRIFI'S UP '10 6 FEEl!' HIGH. 
ALL BOADS ARE OPEl'! THIS MJRNIN3 AS THE BOAD a::Mil!SSION HAS 
BEEN mRKING ALL NIGlT. IDR 'HIE MJsr PART 'HIE SN:W HAS ENDED­
:Em' THE WIND IS Sl'ILL GOSIY AND THERE IS Sl'ILL DRIF'TIID. 

In addition, Figs. 1a ani b shcM other SIJCM amounts as a result of this 
significant April stonn. 

M3.ny of the prescribed conditions for lake effect snCM were already in 
place as the storm systa:n rroved across Michigan. These conditions, in 
canj=tion with the syn:JPtic scale storm, produced the II'OSt significant 
snCMfall event of the winter of 1986-87 in Michigan. 

10 
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Fig. 1a. Snc:Mfall totals for April 1-2, 1987 (eve:cy four inches). 
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Fig. lb. SnCMfall totals for April 1-2, 1987 (eve:cy three inches). 
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2. synoptic Evolution 

At 12Z, April 1, a broad upper trough was entrenched across the estem 
half of the United States with a 500 Iri:> lOoT centered ne:tr James Bay. To the 
soutbr;est of the upper lOoT, a significant short wave was digging southeastward 
toward Lake Superior. By that evening (OOZ, April 2). this :in'pulse 'WOUld 
contribute to the fonration of yet another upper lOoT center over western Lake 
Superior. This lOoT would then becane daninant arrl proceed southeastward across 
upper Michigan through the night. As a result, throughout April 1st arrl into 
the 2nd, the upper flON' pattem over Michigan was strongly diffluent. 

At lOoTer levels, closed circulations existed fran the surface through 700 
Iri:> on April 1 arrl also continued through April 2 (Figs. 2a-f~ 3a-d). Those 
circulations 'WOUld follON' similar tracks fran oorthern Wisconsin at 12Z/April 1, 
into northem lOoTer Michigan by OOZ/April 2. By the norning of April 2, the 
surface systan had begun to fill and occlu:Ie as it 1101red over Lake Huron. 
During its entire track across the Great Lakes, the speed of the surface lOoT was 
less than 20 rrPJ.. This 'WOUld play a significant role in the developnent of 
heavy SDON' in Michigan. 

Available noisture was plentiful with a large are of one to 2 degree dew 
point depressions in the vicinity of the 850 Iri:> and 700 mb lON'S7 and, as 
:rrentioned earlier, cold air was alre:tdy· in place as the stonn systan 1101red into 
the Gret Lakes. 

Even though high tanperatures did rranage to clilri:> to around lOOC in extreme 
southeast Wisconsin arrl southern lOoTer Michigan on April 1, the 850 mb zero 
degree isothenn only oosed as far oorth as extrare southern lOoTer Michigan. The 
2840 m 1000-700 Iri:> thickness line did reach as far north as central lOoTer 
Michigan but still rE!IlB.ined well south of the surface lOoT. Interestingly, the 
2840 1000-700 Iri:> thickness rratched up fairly well with the rain/SDON' line during 
the event. 

Using parameters discussed by F.anks et al. (1967), such as t:rack of the 
vorticity center, etc. (Fig. 4), one could place a four to eight inch swath of 
SDON' fran northwest up];er Michigan eastward through northem lOoTer Michigan 
(Fig. 5). This estirrate actually seans to correlate :rather well with the 

d::>served SDON'fall pattern away fran the lakes. However, where the lakes were in 
position t:O enhance snON'fall, the syooptic scale contribution was but a are.ll 
pattern of the stonn total. 

3. Discussion of Favo:rable Lake Enhancement Conditions 

Meteorological conditions necessary for t:te developnent of lake effect 
precipitation are well kn:Jwn and documented. One of the nost :irrg;Jortant factors 
is a strong flON' of Arctic air across the relatively wann lakes, thus creating 
lapse :rates near dry adiabatic to a depth of over 5000 feet. Dockus (1985) 
further elabo:rates, describing the -lOOC 850 mb isothenn as critical for the 
gene:ration of "lake effect" snOoT in the absence of larger scale upper dynamics. 

Dockus goes on to classify "lake enhanced" snow where the critical 850 mb 
tanperature is -so (to a lake temperature of 36DF) in the presence of an 

12 
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Fig. 2a. SUrface analysis at 12Z on April 1, 198'7. 

Fig. 2b. SUrface analysis at 15Z on April 1, 198'7. 
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Fig. 2c. Surface analysis at 18Z on llpril 1, 1987. 
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Fig. 2d. Surface analysis at 21Z on llpril 1, 1987. 
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Fig. 2e. Surface analysis at OOZ on April 2, 1987. 
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Fig. 2f. Surface analysis at 06Z on April 2, 1987. 

15 

CRl>.RP 88-2 



CRARP 88-2 

• 

l----
Fig. 3a. 850 mb analysis at 12Z on 1\pril 1, 1987. 
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Fig. 3b. 850 mb analysis at OOZ on 1\pril 2, 1987. 
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Fig. 3c. 850 mb analysis at 12Z on April 2, 1987. 

:") Fig. 3d. 700 IIi:> analysis at OOZ on April 2, 1987. 
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Fig. 4. Catp:lsite chart of weather situation for April 1-2, 1987. Hs inii­
cates track of 500 nil law (12Z/April 1-12Z/April 2); circled x indicates track 
of 500 mb vorticity ItBX (12Z/April 1-12Z/April 2); L izxiicates track of surface 
law. Maximun surface relative vorticity 11 x lo-5 sec-1 (12Z/~ril 1-
12Z/April 2). Maximum 500 nb relative vorticity 22 x lo-5 sec- (12Z April 1-
12Z/April 2). 

Fig. 5, Estircate of synoptic scale snowfall contribution. 
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indepen:lent lifting nechanism. (This rule of 1:ln.mU:> is to be used with extreme 
caution with wanner lake terrpe:ratures usually seen in early fall. Although 
over-lake instabilities can be :rather impressive, tre wann lake terrpe:ratures can 
result in a wet bulb zero height too high to yield anything but rain or a 
:rain/ SilCM mix. ) 

In the case of April 1-2, 1987, it appears the best of both worlds were in 
place. Water terrpe:ratures across Lake Superior ave:raged 3 to 40C, and the lake 
was carpletely ice-free. SSM terrpe:ratures at 850 mb h:lvered near -100C from 
12Z/April 1 to 12Z/April 2 with terrperatures further west over mid-lake likely a 
few degrees cooler. lls alluded to earlier, significant lifting en the synoptic 
scale was certainly present given the broad lew level =nvergence arourrl the 
cyclone and the impressive upper level divergence. In fact, tre 12Z/01 J:n.! 
forecast cycle indicated upo;ard vertical velocities (via FRHT67) would be 
in excess of 4.5 microbars per second fran 12Z/April 1 to 12Z/April 2. Even the 
LFM similarly forecast ~rd vertical velocities in excess of 2.0 microbars per 
second over this same period. 

Thus, for an extended period of t:il!le, surface to .850 mb lapse :rates near 
dry adiabatic existed over Lake Superior with strang synoptic scale lift acting 
an those instabilities. Surface fetch over the lake upstream fran the heaviest 
sncwfalls was well in excess of 100 miles, especially over eastern Lake 
Superior. Fetch over the western lalf of the lake was somewhat less during this 
snew event but still considered sufficient for lake enhanced SIJON'. 

4. Other !AM Level Considerations 

We have sham that =nditions en April 1 and 2, 1987 were quite =nducive 
to the developrent of significant lake enhancarent of the synoptic scale 
siJCMfall. But, there were certainly other lew level considerations crucial to 
the developrent of heavier anew squalls. 

SncMfall totals en Figs. 1a and b indicate certain mesoscale processes 
played a significant role in the enhancarent of snew in three locations. The 
first, an 18-inch ne.ximum sncwfall west and mrthwest of Ml.rquette, was probably 
the prirrary result of o:rog:raphic enhancarent of persistent onshore flCM. This 
area inclu:'!es the highest elevations in Michigan, approaching 2000 feet MSL with 
the Lake Superior surface at abrut 600 feet MSL. 

The other two snCMfall maximums, near 1-fu.nising and Ironwood in far 
northwest upper ldi.chigan, were likely the indirect result of the slew movement 
of the larger scale stonn systan. This slCM rrovarent allCMed the developnent of 
quasi-statiom:cy confluent bands over the lake, which would allew an increase in 
both SIJCM intensities and duration in lccalized areas. 

Available win:i convergence charts an:i surface analyses (Figs. 6a-d) 
indicated the fonre.tian of two areas of convergence over Lake Superior and upper 
ldi.chigan during tre event. The stronger of the two was centered over Ironwood 
at 12Z/April 1 and persisted through that day before fimlly diminishing toward 
evening. The secon:i and weaker convergence maximum developed bY mid-morning of 
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Fig. 6a. Surface wini convergence (sec-1 x 10-6) at 12Z on April 1, 1987. 

Fig. 6b. Surface wini convergence (sec-1 x 1o-6) at 16Z on April 1, 1987. 
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Fig. 6c. Surface wini convergence (sec-1 x 10-6) at 18Z on April 1, 1987. 

Fig. 6d. Surface wini convergence (sec-1 x 10-6) at 21Z on April 1, 1987. 
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April 1 fran just oorth of Whitefish Bay to near Grand M:n:ais. This rrexinrum 
also persisted in that area throughoot the day before weakening and Ill017ing 
eastward by approx:inately 06Z/April 2. 

Hcwever, the fact that the lighter SilCJWfall am::runts reported were 
associated with the stronger convergent area raises sane rather interesting 
questicns and p:>ints. Furthennore, other factors also p:>inted tcMard far 
northwest ~r Michigan as being a rrore favored area for J.ake effect SDCMs. 

It ms been nentioned that 0<1er lake instabilities were a bit IOCD:'e 
jnpressive 0<1er western Lake SUperior throughout the event (as opposed to the 
eastern h3.lf of the lake) • In addition, since the surface convergence naxinrum 
in this area coincided with onsl:x:>re flCM 0</er the Porcupine Mountain range, it 
would appear as trough orographic eiliancernent should mve also boosted snCMfall 
totals in northwest ~r Michigan (Fig. 7). 

A1 tl:x:lugh CXlly a ten inch SDCMfall naxinrum was actually recorded in 
northwest upper Michigan, it is entirely likely th3.t much higher totals actually 
fell in this vicinity rut just went undetected by the cbservation network. 
Indeed, satellite ph:>tos hinted at a band of colder-~ convection at th3.t 
t:im:. 

This is further suworted by an examination of directional shears in the 
lowest 10,000 feet of the atrrosphere during the event. Directional shears, 
generally considered detrinental to lake effect snCMfalls, were rather 
substantial 0</er Lake SUperior on April 1 (frequently in excess of 60°) • 
However, it appears they finally did approach rrore acceptable values (30° or 
less) 0<1er the western h3.1f of the lake sanet:im: during the afternocn of 
April 1, increasing the likelil:x:>od of heavy srot~. 

Over the eastern half of Lake SUperior, it appears as though tre flCM 
didn't stack up well until about 06Z/April 2. Still, nearly 2 1/2 feet of snow 
was rreasured at Munising when one might mve suspected higher am::runts further 
west. 

Altl:x:>ugh the cbservation network lacked the temporal resolution to 
detennine when snCMfall intensities were greatest at Munising, one might sunnise 
that the heaviest srot~ cccurred between 01Z and 08Z. Heaviest SDCMfall at 
M:trquette occurred in this t:im: frame and satellite pictures again appear to 
supp:>rt this contention. 

Furthemore, personal ccmnunication with the cbserver in Munising indicated 
that heavy snCMfall did oc= during the late afternoon l:x:>urs on April 1. This 
would be at a tine when low level shears were anything but favorable. 

If so, this would sean to suggest that in the presence of strong large 
scale vertical rotions and deep rroisture, directional shears nay oot play the 
significant role in inhibiting convecticn as in rore classical lake effect sncw 
scenarios. 
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Fig. 7. Surface top:>gJ:apby reap, elevations in feet alove m=an sea lell'el. 
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5. Sumrary and Conclusions 

Analyses of the heavy Sila'lfalls of April 1 and 2, 1987, in Michigan 
illustrates the Sino/fall potential of sl~ IIOVing eynoptic scale stonn systens 
through the Great lakes in winter. For this J;Brticular stonn, nearly 2 1/2 feet 
verified while ms roSA forecasts indicated ro 110re tban two inches in 24 hours 
for Michigan. 

Interestingly, the Nested Grid :lbiel (NG1) perfonned :rather well during 
this event. Using the N3M, Hank's method of forecasting =amounts also gave 
a fairly accu:rate depiction of what was considered to be the synoptic scale 
contribution to the snowfall totals. 

But, subtracting this larger scale contribution still leaves a nearly two 
foot mesoscale cantributic:n near the lake smre. In fact, fran all appearances, 
it looks like a g::x:xl deal of this fell in a relatively smrt perioo of t:iroe with 
sane incredible Sino/fall rates. Even an est:ilre.te using the "Dockus Decision 
Tree" (Dockus, 1985) of nine to 12 inches in six h:rurs was likely a bit 
conse:rvative. 

The difficulty in forecasting an event of this rragnitude is quite apparent. 
But, b::Jpefully, results of this paper will rrake it a bit easier to recognize the 
potential in such a systan. And, once such an event is underway, we lave sham 
that MEIDS, in addition to radar, can be a valuable tool in rraking a timely 
IlCJWcast. 

6. AckllCJWledganents 

Thanks to Fred Keyes, Dbn Baker, and Marty Kaufrran for their helpful 
caments arrl suggestions in the review of this manuscript. 

7. References 

Condella, V ., 1983: When = squalls becane no squalls. Nat. Wea. Dig., 
8-2, 22-26. 

Dockus, D., 1985: lake effect SllCJW forecasting in the CCI!pllter age. Nat. 
Wea. Dig., 10-4, 5-19. --

Hanks, H., D. DeHa.Ippo:tte, arrl E. Grueber, 1967: Sn~ forecasting in the 
central United States. Final Rpt. Cont:ract cwb--11353, Atrros. Res. and 
Devel. Co:rp. • p. 33. 

Niziol, T., 1982: A record setting lake effect sn~stonn at Buffalo, NY. 
Nat. Wea. Dig., 7-4, 19-24. 

, 1986: Operational forecasting of lake effect sn~ in western and 
---=c=en~tral=• New York State. Preprints, 11th Conf. Wea. Forecasting & Analysis, 

200-205. 

24 



(J 

•. ) 
•. 

CAARP 88-2 

----,--.,.,...--,--' 1987: N:>tes fran "Training seminar for Gret Lakes c:perational 
ne.rine forecasting," Sept. 1987. 

Rothrock, H.J., 1969 : An aid in forecasting significant lake effect snt:M. 

ESSI'. Tech. Mem::> CR-30, p. 12 • 

25 



CENl'RAL REGION APPLIED RESEAR.al: P.APER 88-3 

CRH SSD 
CRARP 88-3 

A <DLLECl'ION OF SEVERE WFATHER PARAME:l'ERS USED roR A CHEOO.Isr 

Lee C. Andersen 
National Weather Service Forecast Office 

Sioux Falls, South Dakota 

Forecasters I!Ust examine a m.Jnrer of variables to acquire an adequate 
understanding of the cu=ent state of the atnosphere. In order to :nake specific 
forecasts of a particular type of phenanena, for example severe stonns, IlBilY 
synoptic and subsynoptic pararreters should be checked closely. The expected 
values of the variables for a forecast period can help the forecaster get a 
better understanding of the potential of significant weather developrents. 

Several severe weather pararreters have been ccrnpiled fran three different 
sources including a =rk sheet fran cne of the references. The pararreters mve 
been organized into a checklist. P.. list of ratings of the pararreters has been 
included in this paper. By using the list of ratings, the forecaster can assess 
a value to each paraneter. 

26 



0 SEVERE WEATHER CllECKLisr 

DATE/TIME: 

Parazreter 

SUrface (Sea Level Pressure) Pararreters: 

Dew Point 

Sea Level Pressure 

12-H= Sea Level Pressure Change 

TJ::M LeV-el (M:Jisture) Chnvergence 

Average Mixing Ratio (TJ::Mest 100 nt>l 

Upper Air Pararreters: 

TJ::M Level Jet 

··~ TJ::M Level M:Jisture (850 nt> dew !X)int) 

850 nt> Thernal 1\dvection 

TJ::M Level Thernal Ridge Versus 
TJ::M Level M:Jisture Axis · 

700 nt> Dry Intrusion 

700 nt> N:J-Change Line 

500 nb Vorticity 1\dvection 

Mid Level Jet (500 nt>l 

Mid Level Shear 

500 nt> Height Change 

850-500 nt> Speed Shear 

850-500 mb Directional Shear 

Upper Level Jet (Speed) 

(~ Upper Level Shear 
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Miscellaneous Parameters: 

Mean Relative Humidity 

Vertical M:ltion 

Height of Wet-Bulb Zero 

Lifted Index 

Total Totals Index 

Sane Limiting Factors for Severe Weather Areas (Johns et al., 1986) 

1. -- Surface boundazy. 
2 ~ -- Surface dew :r;oint of 55"F. 
3. --1016mb I800ar. 
4. -- 1000/500 mb Thickness < 5520 rn, (5580 rn if the systen is rot 

intensifying) • 
5. -- 1000/500 mb Thickness > 5790 rn. 
6. -- DJ:y side of 45% RH line (mean RH) • 
7. -- Wet side of 75% RH line. 
8. -- Lifted index 0 line. 
9. -- Wann side of -60C isothenn at 500 mb. 
10. -- Wann side of 140C isotherm at 700 mb. 
11. --East side of 850 rnb jet axis. 
12. -- DJ:y side of 850 mb SOC isodrosothenn. 
13. -- 500 rnb Te!!perature (December-Februa.J:Y = -160C1 March, April, October 

and November.= -140C1 May and June = -120C1 July-September - -100C). 

Forecast: 

1. General tln.urlerstorms if rrost r:araneters are weak. 
2. Thunderstorms approaching severe or a fe,.; tln.urlerstonns if most r:ararneters 

are rroderate. 
3 • Severe thunderstorms and tornadoes if most of the r:ararneters are strong. 
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1. 

2. 

3. 

4. 

Surface Dew Point 

SEVERE WEATHER PARAMm'ERS RATINGS 
(SELS/AFG'lC) 

less than 550F = weak 
55 to 640F = m:xlerate 
greater than 640 = s~g 

Sea Level Pressure 
> 1010 mb = weak 
1010 to 1005 rrb = m:xlerate 
< 1005 mb = s~g 

12-Hoor Sea Level Pressure Change 
< -4mb =weak 
-4 rrb to -8 rrb = m:xlerate 
> -8 mb = strong 

!A:M' Level (M:>isture) Convergence 
flow diverging = weak 
flow p:~rallel to boundaries = m:xlerate 
flow converging = s~g 

5. Average Mixing Ratio (Lowest 100 mb) 

6. 

7. 

< 8 g/kg = we!k 
8 to 12 g/kg = m:xlerate 
> 12 g/kg = strong 

!A:M' Level Jet 
less than or equal 
21 to 35 kts 

to 20 kts = weak 

> 35 kts 
= m:xlerate 
= strong 

!A:M' Level M:>isture (850 Dew Point) 
less than or equal to SOC =weak 
9 to 12oc = m:xlerate 
> 120C = s~g 

8. 850 mb Thernal Advection 
=ld advection = negative 
neutral advection = weak 
warm advection = m:xlerate 

CRARP 88-3 

9. !A:M' Level Thernal Ridge (850mb) Versus !A:M' Level Moist Axis 
ridge east (dCMnstream) of 110ist axis = we!k 
=incident = m:xlerate 
ridge west (upstream) of 110ist axis = strong 

29 



rnARP 88-3 

10. 700 mb Dry Intrusion 
wind field weak or non-existent =weak 
wind fran dJ:y to I!Oist at an angle of 10 to 40° and speed of 

15 to 25 kts = I!Oderate 
wind intruding at an angle of 40 to goo and a speed > 25 kts = strong 

11. 700 !W No-Change Line 
wind crossing line at angle < 300 = weak 
wind crossing line at angle 30 to 400 = m:xierate 
wind crossing line at angle > 400 = strong 

12. 500 liD Vorticity Advection 
neutral or NVA =weak 
PiA with wind crossing vort isopleths at angle of less than 

or equal to 300 = m:xierate 
PVA with wind crossing vort isopleths at angle of greater 

than goo = strong 

13. Mid Level Jet (500 mb) 
< 35 kts = weak 
36 to 50 kts = I!Oderate 
> 50 kts = strong 

14. Mid Level Shear 
< 15 kts = weak 
15 to 30 kts = I!Oderate ,'\ 
> 30 kts = strong 'J 

15. 500 mb Height Change (use 12-l:Dur height fall fran late fall to early 
spring and 24-hour falls fran late spring to early fall) 
< 30 ~reters = weak 
30 to 50 ~reters = m:xierate 
> 60 ~reters = strong 

16. 850-500 mb Speed Shear 
< 20 kts = weak 
20 to 35 kts = m:xierate 
> 35 kts = strong 

17. 850-500 !W Directional Shear 
< 30° =weak 
30 to 60° = m:xierate 
> 600 = strong 

18. Upper Level Jet 
< 55 kts = wea.lc 
55 to 85 kts = m:xierate 
> 85 kts = strong 
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() 19. Upper Level Shear 
< 15 kts ; weak 
15 to 30 kts ; rroderate 
> 30 kts ; strong 

20. Mean Relative Humidity 
R.H. < 40% or R.H. > 80% ; weak 
70 to 80% or 40 to 50% ; m:Jdezate 
Between 50 to 70% ; strong 

21. Vertical M:>tion (microbars/second) 
< +1 ; weak 
+ 1 to +4 ; rroderate 
> +4 ; strong 

22. Height of the Wet B-ulb zero (agl) 
< 5, 000 ft or > 11,000 ft ; weak 
5,000 to 7,000 ft or 9,000 to 11,000 ft; m:Jdezate 
7,000 to 9,000 ft ; strong 

23. Lifted Index 
greter than or equal to -2 ; weak 
-3 to -5 ; rrodeza te 
less· than or equal to -6 ; strong 

24. Total Totals Index 
less than or equal to 50 ; weak 
51 to 55 ; rroderate 
> 55 ; strong 

~tes: 
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Forecasting tile occu=ence of severe tlrunderstonns lB.s been the specialty 
of the National Severe Stonns Forecast Center (NSSFC} for well over 30 years. 
During this period, research efforts and empirical forecast studies lB.ve concen­
trated en the severe tlrunderstonn event. The u.s. Air Force Technical Report 
200 (revised} , N::Jtes on Analysis and Severe-Stonn Forecasting Procedures of the 
Air Force Gl.cbal Weather Central (Miller, 1972}, sunnarizes the basic approach 
cu=ently used to forecast severe thunderstonns. Although much has been lea:rned 
about severe weather occu=ence since 1972, .particularly in the use of satellite 
ille.gery, Technical Report 200 remains tile premier tutorial on the subject. 

In carrying cut their responsibilities NSSFC forecasters ask the question 
'Will severe tlrunderstonns oc= today?" Their response is based upon the 
traditional severe weather forecasting techniques ootlined by Miller. As the 
National ~leather Service (N'I"S} IOOVes into the 1990's and severe weather fore­
casting responsibility is absorbed into tile cperations of the Wa:rning and 
Forecast Office (WFO} , a rrore maaningful set of questions might be 'Will thun­
derstonns oc= today?" and, "If thunderstonns occur, will they reach severe 
intensity?" 

The occu=ence of both severe and JDn-severe tlrunderstonns in a ms 
office's area of warning reSJ;X)llsibility demands increased activity in the fonn 
of statanents, I!'Bllpc:Mer, and if tile situation dictates, wa:rnings. The p.JipOse 
of this note is to ·suggest that severe thunderstonn forecasting be addressed as 
a two step, ratll..er than a ooe step, process. This two step process wculd answer 
the two questions pcsed above by the WFO forecaster. By taking this approach 
the WFO forecaster will be better able to distinguish situations that produce 
non-severe tlrunderstonns fran th::>se that prcduce severe events. This ability 
will allCM the :1-WS to better serve tile needs of tile weather infome.tion 
consurrer. 

2. Thunderstonn Forecasting 

A conceptual approach to forecasting significant tlrunderstorms was 
addressed by M:::Nulty (1985}. Significant tlrunderstonns· are· those thunderstonns· 
that produce hail of any size, wind gusts of 35 mph or greater, and/or stonns 
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producing sufficiently intense rainfall to p:>ssess a p:>tential for flash 
flooding.. Significant thunderstonrB. include severe weather events. 

Fran a basic (cozx:eptual) Pc>int of viEM, four p:~.rarreters are necessary for 
the occurrence of significant convection: 

(1) unstable air or a source of destabilization, 
(2) noisture, 
(3) synoptic scale lift aloft, and 
(4) lOW' level convergence. 

Each factor is briefly discussed belOW'. These discussions will ootline why the 
ingredients are :inp:>rtant to thunderstonn occurrence. For a nore detailed 
discussion see M::Nulty (1985). 

a. Instability or Destabilization 

The first element needed to produce tl:runderstorms is instability or a 
source of destabilization. Convective weather systems rely to a high degree on 
the themal and noisture structure of the atm::>spheric column in which they 
develop. Specifically, accelerations attained by the convective core signifi­
cantly depend upon thenral buoyancy. The potential of an atnospheric column to 
produce this buoyancy is camonly rreasured in tenrB of the column's con<Tective 
stability. 

Two approaches to stability detennination are used cperationally: stabili­
ty indices and soonding analysis. Ntmeroos stability indices exist and need not 
be discussed in detail. Sotu:rling analysis inclu:les parcel theory nenipulations 
as well as nodifications by advecticn or heating effects. Once the presence of 
instability is detennined, other factors nrust be considered prior to forecasting 
the occurrence of significant convection. 

b. MJisture 

Thunderstorms need noisture in the lOW'er layers to develop and grOW'. 
Areas favorable for developrent of thunderstorms are identified fran isodroso-­
therm analyses at the surface and aloft, and through calculations of noisture 
convergence. Sllnilarly, deep noisture in the vertical column can indicate a 
p:>tential fo+ heavy rainfall and flash flooding. 

c. Synoptic Scale Lift Aloft 

Studies of upper tropospheric divergence (McNulty, 1978) and wann 
advection (Maddox and Doswell, 1982) lead to the conclusion that synoptic scale 
upward notion is a factor favorable for the developrent of significant 
convection. This lift, by itself, will not generate convection but will produce 
an enviroment conducive to the developnent of significant convection. Synoptic 
scale ·lift aloft can also act as a destabilizing mechanism, if allOW'ed to act 
long eoough en certain types of vertical thenral and noisture structure. 

· Synoptic scale lift has been associated with p:>sitive vorticity advection 
(PVA) iocreasing with height, upper tropospheric divergence, and wann advection, 
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pr:ine.rily at the 850 rnb and 700 rnb. These factors are readily identified fran 
synoptic analyses. Satellite :inage:ry has introduced a new dimensioo. to lift 
detennination. The presence of clouds is generally an indicator of up.oard. 
rroving air scme.where in the vertical colunn. 

d. IJ::M Level Conllergence 

The fourth elarent required for significant convection is la.r level 
convergence. In sene ways, this nay be the nost ilrq;x:lrtant of the four 
p:n:ameters. Wit:b:>ut la.r level convergence to start and focus the forcing fran 
the botton, significant convection usually does not occur. An area, zone or 
line of convergence provides the rresoscale JreCbanical lift needed to get the air 
beyorrl the level of free convection. 

"!AM level forcing is caused pr:inarily by terrain features and boundaries. 
Terrain, ccrrbitled with a :particular su .... -face wind flaq, can enhance COII"rerge..TJ.Ce 
in local areas and lead to convection. A bou.rrlary is a characteristic feature 
ccmocn to nan;y rresoscale systems, and refers to any la.r level, quasi-linear 
discontinuity characterized by cyclonic shear and convergence. Boundaries are 
important because they terrl to naximize geostrophic relative vorticity and 
noisture convergence. Significant convection, nore often than rot, foill1S along 
boundaries. 

e. Forecast Implications 

The fotir pararreters discussed above oc= scme.where in the atnosphere 
nost of the tirre. It is only when they occur CNer the sarre geographic area at 
the sarre tirre that significant convection results. 

When the four pararreters in (a) through (d) are derived fran synoptic scale 
analyses, relatively broad areas can be defined where thmrlerstorm occurrence is 
possible. In order to reduce this area in both space and tirre, surface data 
must be examined. l'resoanalysis alla.rs the forecaster tO identify the la.r level 
forcing JreCbanians, e.g., boun:laries, localizing the area for potential thunder­
storm occurrence. 

During the forecast process, all available data must be examined, and areas 
of instability, noisture and synoptic scale lift aloft identified. The fore­
caster must detennine if all factors will oc= in the presence of a la.r level 
forcing rrechanism. When eve:rything canes together in a tirrely manner, thunder­
storms are likely. 

3. Severe Thunderstorm Forecasting 

The description in section 2 answers the first question posed by the WFO 
forecaster. To answer the secorrl question, an examinatioo. of ~.iller's "Stmtra:ry 
of Key Pararreters• (KP-List) is in order. This stmmary tabulates 14 pararreters 
that are frequently associated with severe weather oc=rence. For each pararre­
ter a range of values is given that characterizes the severe weather p::>tential 
as weak, noderate or strong. The "Surma.ry of Key Pararreters" list fonrs the 
basis for the oo.e step approach to severe weatherc,forecasting -rrentioned ·in·· 
section 1. 
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It is useful to canpare the KP-List with the four factors discussed in 
section 2. Table 1 lists the 14 pararreters fran the KP-List rearranged into six 
subsets. 

Set A contains two pararreters that rreasure instability or destabilization. 
Indices (#2) are a direct indicator of instability while the 700 nb no-change 

-line (#8) indicates the area where mid-l:rop)Spheric cold advection will reduce 
the cap. Set B contains 110isture rreasures while Set C are factors that indicate 
where synoptic scale lift is !lOSt likely to occur. Using the arguments of 
section 2, the simultaneous occurrence of the pararreters in Sets A through C 
define a broad area with a pJtential for thunderstonns. 

The only low level convergence feature in the KP-List is sh::Ml in Set D. 
Miller discusses the inportance of other low level forcing mechanisms, such as 
convectively-ir.rluce:i boundaries, but does not explicitly list than en the KP­
List. 

Set E lists two pa:rarreters which have been statistically correlated with 
severe weather, but don't fit any of the conceptual categories of section 2. 
These pararreters are nore analog than conceptual in nature. 

At this point in the carparison with section 2 it becanes apparent that a 
rrajority of the factors en the KP-List are pa:rarreters needed to forecast the 
occurrence .of significant, but not necessarily severe, thunderstonns. Set F 
lists the renaining pararreters fran the KP-List. The irrplicatien is that these 
p;.rarreters, extreme instability, strong vertical wind shear, and the mid-level 
dzy intrusion, are the prirra:ry factors that indicate a potential for severity. 

Instability is listed only once en the KP-List, but res been divided into 
extrare instability and instability in general. This division was dictated by 
experience. However, this division is supported by a recent article (Bluestein, 
M3.:rx and Jain (1987)) that found stronger instability in carp:Jsite soundings for 
a severe squall line environment than for a non-severe squall line environment. 

Experience bas also sh::Ml tba.t the KP-List works best during the spring. 
The spring is typically a tine of strong dynamic systerrs. As spring turns into 
S\llllller, dynamic systerrs weaken and JrOVe poleward. The prirra:ry weakness of the 
KP-List is its pJOrer perfontanCe as a forecast tcol during the sunrner m:mths. 
This raises a question: "Are the three factors listed in Set F valid indicators 
of severe weather during the sumner? • 

As a general rule, strong vertical wind shears are absent during the surrmer 
(Schaefer and Livingston, 1988). Instability, on the other band, is widespread 
in the rraritine tropical air rrass that typically engulfs the eastern two-thirds 
of the u.s. In a study of the differential advection of wet bulb pJtential 
te:rperature at 850 mb and 500 mb, M::Nulty (1980) found that the rragnitude of the 
differential advection was significantly stronger with severe convection during 
the sunrner than with non-severe convection. This result supports retention of 
extreme instability and mid-level dzy intrusions as severe weather indicators 

··-~ 

duriri.g the sunrner. · , -, 
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4. Conclusions 

A Cat~J;Brison of the four ingredients needed for the occurrence of thunder­
stonns an:i the 14 factors used to forecast severe wether leads to the conclu­
sion that only three parameters (extrare instability, strong vertical wim shear 
an:i the mid-level dry intrusion) on Miller's "Su!me.cy of Key Parameters• actu­
ally indicate a potential for severe weather occurrence. The rE!IB.ining factors 
en the list indicate a potential for significant convection. These results 
suggest that a forecaster can first anticipate the occurrence of tlrunderstonns, 
an:i then decide if these stonns will reach severe limits. This two step 
approach to severe weather forecasting differs fran the nore traditional cne 
step approach described by Miller an:i employed by NSSFC. 
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Table 1 
Miller's "Sunnary of Key Parameters" (rearranged) 

NllirDers in parentheses refer to Miller's original list. 

SEr A - instability or destabilization neasures 

(2) stability (lifted in:iex, totals) 
(8) 700 mb ro-change line 

SEr B - I!Oisture neasures 

(6) low-level I!Oisture 
(7) 850 mb wann axis versus I!Oist axis 
(14} s-urface dew ~int 

SE!' C - synoptic scale lift aloft neasures 

(1) 500 mb vorticity advection 
(3) middle level jet 
(4) uwer level jet 
(10) 12-hr surface pressure falls 
(11) 500 mb height change 

SE!' D - low level forcing neasures 

(5) low level jet 

SEr E - miscellaneous factors 

(12) height of wet bulb zero 
(13) surface pressure 

SF:r F - severe weather factors 

(2) extrere instability 
(3) middle level shear 
(4 l uwer level shear 
(9) 700 mb dry intrusion 
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TECHNICAL REroRl' ON TEMPERATURE, ERECIPITATION, AND AVIATION VERIFICATION 
Nr WSFO SIOOX m..I.S FOR 1987 

Jack Bier 
Natiaoal Weather Service Forecast Office 

Sioux Falls, South Le.kota 

Overall in 1987, Sioux Falls forecasters nade good :inq;>rovarents over guid­
ance (Table 1) • The staff's average :inq;>rovement per four period forecast of 
+1.6 degrees over t~ture guidance \OoeS a good yearly nark. The absolute 
e= of 4.1 degrees tied for the lowest nark since this verificaticn began in 
19811 A three percent :inq;>rovarent over precipitation probability guidance 
is also considered a fairly good nark because precipitation frequency was low in 
1987 and gains r:Ner guidance are much harder to c:btain in dry periods than in 
wet ones. The years ELSI (Effective Log Score Improvement r:Ner guidance = 1/3 
[2 x CIG lMPI1Ml' OVR <DID + VSFrl lMPI1Ml' OVR <IJID]), looked ex:cellent at +32.2 
percent, but this was actually about five percent lower than the staff's average 
over the last two years. Of course, we ccW.d ally verify 45 percent of this 
year's aviation data because of the delay in receiving the verification software 
for the new tenniral release times. 

M::lllth 

Jan 
Feb 
Mrr 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
OCt 
N:N 
Dec 

Table 1 
WSFO Sioux Falls M::lllthly Verification Statistics for 1987 

Staff Absolute Error 

5.5 
4.8 
5.0 
4.2 
3.9 
3.1 
3.6 
3.5 
3.6 
4.1 
4.1 
4.3 

39 

IJ:nprr:Nement Over Guidance 

+4.0 
+3.2 
+1.2 
+0.4 
+0.8 
+0.4 
+2.8 
+0.8 
+0.8 
+0.8 
+0.4 
+2.0 
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Table 2 
WSFO Sioux Falls Verification Statistics for Years 1981-1987 

1987 1986 1985 1984 1983 1982 1981 

staff Absolute Error 4.1 4.1 4.39 4.45 4.43 4.65 4.56 
Guidance Absolute Error 4.5 4.4 4.92 5.03 4.97 5.02 4.95 
Improvement Over Guidance +1.6 +1.2 +2.12 +2.32 +2.17 +1.48 +1.56 

The attached TEMPCHIOC:K tables ani graphs sl:xM that Sioux Falls forecasts 
were rrcderately better for Sioux Falls than were for Rapid City. H::Mever, 
:imprOITenents over guidance were nade en all periods at both locations. The 
la'lest improvenent (+3 percent) occurred in the first period at Rapid City. 
This anamly, altrough rot very frequa:tt, has pawed up before. One possilile 
explanation is that forecasters tend to expect that they will beat guidance in 
the first period ani so vary fran guidance en 110st forecasts, perhaps even when 
guidance is very !;Pod. In latter periods the technique nay be to cnly change 
the guidance temperatures that stick out as bad. In 1987 no significant high or 
la'l bias was ooted at Rapid City while a definite la'l bias was roted f= local 
forecasters ani especially f= guidance. The opposite trend was noted in 1986. 
Since 1987 was Sioux Falls' fourth wannest year en record, so the 1= bias was 
not surprising. 

Finally, the bar graphs show that the greatest III.I!Ilber of temperature fore­
casts by Sioux Falls forecasters were in the -3 to +3 e= category. However, 
there were 110re temperature forecasts that were ten degrees = 110re too cold 
than in the prEllrious yer. Again, the exb:emely wann year certainly was 110st 
likely the reason for this 1= bias. H::Mever, local forecast error was less 
than guidance error, once again. 

The three percent improvement 0\Ter prd:lability of precipitation guidance 
was a result of a rrcdest Brier score point gain of a:wraxinately +1300 points. 
The staff did about as well at Rapid City this year (+3 percent) as at Sioux 
Falls (+4 percent) (see the attached precipitatien tables). Local forecasters 
were again able to :improve en all periods at both Sioux Falls and Rapid City. 
])bte, fran the yerly reliability graphs attached, that the local forecasters 
curve at Sioux Falls was excellent. This curve (1) was very near the ideal 
curve along the 45 degree axis, (2) was closer to ideal than guidance at nearly 
all PoP's, ani (3) corrected very well for U!lderforecasting that red showed up 
in previous yers. ·The local ani MJS curves at Rapid City were also closer to 
ideal than in the prEllrious two years. 

A rEllriew of the reliability graphs and tables for wann season precipita­
tien for data fran May 1st through August 31st sl:xMs, once again, that wann 
season precipitation forecasts at Rapid City had ro cbvious bias. Local fore­
caster's underforecasting of wann season probabilities of previous yers at 
Sioux Falls was nearly COI;?letely corrected in 1987 I ])bte that guidance still 
shaored an underforecasting bias alth:>ugh not as great as in the past two years. 
Precipitation frequency in 1987, th:>ugh, was significantly l=er than in the 
past f61i years, so it's logical to assuzre that if precipitation frequency had 
been up, guidance would probably have sha'led more.:.underforecasting bias• .. 
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Staff Yearly Improvarent (Percent) 
Brier Score Point Gain 

1987 

+3 
+1309 

1986 

+6 
+2849 

mARl' 88-5 

1985 1984 

+1.0" +3.6 
+324 Not Conputed 

The attached aviation tables show that local forecasters were categorically 
correct en ceiling and visibility forecasts at Rapid City and Sioux Falls 89 to 
98 percent of the time. This :improved en the guidance ll'B.rks which were in the 
86 to 97 percent range. As was the case last year, guidance IFR forecasts were 
poor because they verified VFR rost of the time. Qrldance IFR ceiling forecasts 
were better, but still mediocre. Local forecasters verified well on IFR ceiling 
and visibility forecasts at Sioux Falls, as they did last year. lbwever, local 
IFR forecasts at Rapid City, though few, tended to verify VFR, so it is not 
surprising that about twice as Illl.lCh log score :improvarent 'laS recorded at Sioux 
Falls as cropared to Rapid City. 

1987 

Staff ELSI 32.2 

1986 

38.6 

41 

1985 

37.5 

1984 

38.9 



CRARP 88-5 

TEMP CHECK 

TEMPERATURE VER IFCATION 
/) 
,, -

FROM 1/ I/ 87 TO 12/ 31/ 87 FCSTR:ALL SEASON: 801'H 
CYCLE: 801'H STATION: FSD PERIOD:ALL 

I 2 3 4 ALL 
FCSTR MOS FCSTR MOS FCSTR MOS FCSTR MOS FCSTR MOS 

• FCSTS •••••••••• 727 725 725 725 29!12 
MAE CDEGl •••••••• 3. 4 3.7 4.!1 4.5 4.4 4.8 5.1 5.7 4.2 4.7 
?. FCSTR IMP 01/R 
MOS CMAEl ........ 9 12 8 9 9 
?. HIGH ........... 41 33 4EI 33 38 33 38 34 39 33 
?. LOW ••.•••••••.. 49 58 51 59 54 59 55 6!1 52 59 
?. CORRECT • • • • • • • 9 7 8 6 6 7 6 4 7 6 
?. GE 2 DEG ERR •••• 71 75 75 78 77 79 81 sa 76 78 
X GE lEI DEG ERR •• 3 4 6 lEI 8 11 15 19 8 11 
X MOS UNCHANGED •• 25 31 31 33 3B 
?. MOS RAISED ••••• sa 47 43 4EI 45 
X MOS LOWERED •••• 23 21 25 25 23 
X MOS CHGD CORRECT 57 59 57 59 58 
• ACTUAL TEI'P 
CHGS > lEI DEG .... 179 !BEl !BEl !BEl 719 
MAE CDEGl WHEN 
> lEI DEG CHGS ••• 4.9 5. 1 5.5 5.6 6.!1 6.2 7.2 7.5 5.9 6. 1 

~~ 

,_) 

TEMP CHECK 

TEMPERATURE VERIFCATION 
FROM I/ I/ 87 TO 12/ 31/ 87 FCSTR:ALL SEASON: 801'H 
CYCLE: 801'H STATION: RAP PERIOD:ALL 

I 2 3 4 ALL 
FCSTR MOS FCSTR MOS FCSTR MOS FCSTR MOS FCSTR MOS 

• FCSTS ••••• ; •••• 726 726 725 724 29!11 
MAE CDEGl •••••••• 3. 4 3.6 3.8 4.1 4.2 4.5 4.8 5.2 4. 1 4.3 
X FCSTR IMP 01/R 
MOS CMAEl ........ 3 8 6 6 6 
X HIGH ........... 42 38 44 41 45 42 46 45 44 42 
?. LOW ............ SEI 53 46 sa 45 sa 46 47 47 sa 
?. CORRECT • • • • • • • 7 7 9 8 8 6 7 7 8 7 
x GE 2 DEG ERR •••. 71 72 72 75 75 78 77 81 74 76 
?. GE lEI DEG ERR •• 3 4 7 9 9 11 13 15 8 lEI 
X MOS UNCHANGED •• 31 35 36 4EI 35 
X MOS RAISED ••••• 42 39 39 31 38 
X MOS LOWERED •••• 25 25 24 27 25 
X MOS CHGD CORRECT 51 57 56 56 55 
• ACTUAL TEtp 
CHGS > lEI DEG •••• 175 177 175 175 702 
MAE CDEGl WHEN 
> leJ DEG CHGS ••. 4.7 4.6 5. 1 4.9 6.a 5.6 7.!1 6.9 5.7 5.5 -1 

-~J 
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0 
PCPNTABLE 

PRECIPITATION VER IF !CATION 

FROM 1/ 1/ 87 TO 12/ 31/ 87 FCSTR ~ ALL SEASON: BOTH 

CYCLE: BOTH PERIOD: ALL STATION: FSD 

1 2 3 ALL 
FCSTR MOS FCSTR MOS FCSTR MOS FCSTR MOS 

• FCSTS •.••.•..•.• 727 725 724 2176 
OBSVD PCPN FREQ ..• 129 129 129 387 
MEAN POP •••••••••. 17 14 17 13 17 14 17 14 
MEAN POP (DRYJ •.••• II 9 12 9 i3 lEI 12 9 
MEAN POP CWETJ .•••• 48 37 39 32 35 2B 48 32 
BRIER SCORE .•.•.•. 9 lEI lEI 11 11 12 lEI 11 
II I MPRV OVR MOS .•. 7 El.9 4 4 
II MOS UNCHANGED ... 86 88 88 88 
II MOS RAISED ..••.. I I 9 9 lEI 
II MOS LOWERD ...... 2 I I I 
;~ MOS CHGD RGT D IR. 56 39 46 48 
TOTAL ;~ CORRECT 86 85 64 84 83 83 84 84 

,_) PCPNTABLE 

PREC IP !TAT ION VERIFICATION 

FROM I/ I/ 87 TO 12/ 31/ 87 FCSTR • ALL SEASON: BOTH 

CYCLE: BOTH PERiOD: ALL STATION: RAP 

I 2 3 ALL 
FCSTR MOS FCSTR MOS FCSTR MOS FCSTR MOS 

• FCSTS ..••.••...• 728 726 725 2179 
OBSVD PCPN FREO •.. 105 106 106 317 

·MEAN POP .......... 16 13 16 13 IS 14 16 13 
MEAN POP CDRYJ •..•• II 8 12 lEI 12 II 12 Ul 
MEAN POP CWETJ ...•• 45 37 38 32 34 3El 39 33 
8R I ER SCORE .•.•..• 8 8 9 9 9 10 9 9 

" I MPRV OVR MOS •.. 5 2 2 3 

" ~DS UNCHANGED ••. 90 91 92 91 

" MOS RAISED •..•.. 6 6 5 6 
"MOS LO~£RD .•.•.• 2 I 2 2 
" MOS CHGD RGT DIR. 61 48 51 54 
TOTAL II CORRECT ... 89 88 87 86 87 85 88 86 

u 
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TEMPERATURE VERIFICATION 
STAT I ON' RAP SEASON' BOTH STARTING' 1/ 1/87 

CYCLE, BOTH FORECASTER, ALL ENDING' 12/31/87 

100 PERIOD 1 I OF FCSTS , 726 100 PERIOD 2 I OF FCSTS' 726 

90 90 

80 221~ 26M 93M 163 ~203 H34 ~7M 21M 7M 80 44M 26M 90M 146 ~177 H36 ~1M 28M 18M 

% OF 70 !Y. OF 70 

FCSTS 60 CSTS60 

50 50 

40 40 

30 209 F 30 200 F 

20 20 

10 10 

0 
19F SF 

0 
28F 16F 

""' ""' <-10 - 9 - 6 - 3 0 3 6 9 > 10 <-10 - 9 .• 6 - 3 0 3 6 9 > 10 
SIZE OF ERROR SIZE OF ERROR 

100 PERIOD 3 I OF FCSTS' 725 100 PERIOD 4 I OF FCSTS' 724 

90 90 

80 50M 33M 96M 131 ~156 H35 ~7M 30M 27M 80 65H 40M 74M 125 H36 ~120 ~86M 41M 37M 

Y. OF 70 IY. OF 70 

FCSTS60 CSTS60 

50 50 

40 40 

30 

20 
179 

30 

20 
160 F ~ 

10 

0 
30F 25F 

10 

0 

OJ 
39F 33F OJ 

I 
U1 

<-10 - 9 - 6 - 3 0 3 6 9 > 10 <-10 - 9 - 6 - 3 0 3 6 9 > 10 
SIZE OF ERROR SIZE OF ERROR 
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""' U1 

L) 

100 

90 

PERIOD 1 

' I , 

'v 

TEMPERATURE VERIFICATION 
STATION' FSD 

CYCLE' BOTH 

I OF FCSTS ' 727 100 

90 

. i\ u 

SEASON' BOTH STARTING' 1/ I/S7 

FORECASTER ' ALL ENDING' 12/~o 1/S? 

PERIOD 2 I OF FCSTS' 725 

S0 L22M 40M 109 ~191 H79 HU !>SSM 15M 21~ S0 64M 37M 111 HSB ~159 H05 169M 24M SM 

~OF 70 

FCSTS60 

50 

40 

30 

20 

10 

20S 

'•,.; OF 70 

CSTS60 

50 

40 

30 

20 
17S F 

10 

0 I18Fr#§ I I I F9..:2E, 2F 0 
2SF 10F 

<-10 - 9 - s - 3 0 3 s 9 > 10 I <-10 - 9 - s - 3 0 3 s 
SIZE OF ERROR SIZE OF ERROR 

9 ) 10 

100 PERIOD 3 I OF FCSTS ' 725 100 PERIOD 4 I OF FCSTS' 725 

90 90 

S0 SSM 4SM 107 ~152 H4S H01 ~SSM 32M 10M 80 10S ~4SM 103 ~130 H40 ~75M SSM 4SM 21M 

ll OF 70 ll< OF 70 

FCSTS S0 CSTSS0 

50 50 

40 40 

30 30 

20 20 

10 10 

0 0 

<-10 - 9 - 6 - 3 0 3 s 9 > 10 <-10 - 9 - s - 3 0 3 s 9 ) 10 
SIZE OF ERROR SIZE OF ERROR 

~ 
co 
co 
J, 



"'" "' 

'100_ 

RELIABILITY 
90 I STATION,FSD PERIOD, ALL SEASON,BOTH 

80 
STARTING DATE' 1/ 1/ 87 ENDING DATE' 12/ 31/ 87 

70 

60 

OBSERVED 50 

40 

30 

20 

10 

CYCLE' BOTH FCSTR' ALL 

/ 

UNDER // 

/ 

/4'0 
/ 

460 

/ 
/ 

/ 
/ 

.as3E 
/ 

294 

/ 

.;-

.;-..-­
.;­.;-..--

151 

/ 

/ 
/ 

90 

/ 

/--

/ --

OVER 

f> OF MOS FCSTS 

54 41 

__ I 

29 12 

/ 
I 

121'1 
I 

I 
I 

9 5 

00 ~----------------------------------------------------~--------------------------
10 20 30 40 50 60 70 80 90 10e 

FORECAST 

(). 0 .(J 

~ 
co 
co 
I 

l11 



!!'.; 

lj u 

100 

RELIABILITY 
90 I STATION• RAP PERIOD•ALL SEASON• BOTH 

80 

70 

60 

OBSERVED 50 

40 

30 

20 

10 

00 

STARTING DATE' 1/ 1/ 87 ENDING DATE' 12/ 31/ 87 

CYCLE' BOTH FCSTR• ALL 

UNDER 

/ 

367 290 

10 20 

/ 
/ 

/ 

/-­
/ 

163 

30 

118 .58 

40 50 

FORECAST 

OVER 

* OF MOS FCSTS 

36 25 10 

60 70 80 

·u 

\12F 
I 

I 
I "J,_ 1 F 

~~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I . 
I 

5 0. 0 \ 

90 1oe 
~ 
00 
00 

J, 



CRARP 88-5 

0 
PCPHTFIBLE 

PREC IP ITFITIOH VERIFICATION 

FROM S/ 1/ 87 TO 8/ 31/ 87 FCSTR • FILL SEFISOH: BOTH 

CYCLE: BOTH PERIOD: FILL STFITJOH: FSD 

I 2 3 FILL 
FCSTR MOS FCSTR MOS FCSTR MOS FCSTR MOS 

+ FCSTS ••••••••... 245 244 244 733 
OBSVD PCPH FRED ••• 56 56 55 167 
MEFIH POP ~ .......... 23 18 22 18 22 18 22 18 
MEFIH POP CDRYl •.••. 16 13 18 14 17 IS 17 14 
MEFIH POP CWETJ •.... 47 37 36 31 36 28 39 32 
BRIER SCORE ••••... 11 12 14 14 13 IS 13 14 
X IMPRV OVR MOS ... 8 8.9 8 5 
X MOS UHCHFIHGED ... 81 85 85 84 
X MOS RAISED •..... IS II 13 13 
X MOS LOWERD •..... 3 2 I 2 
7. MOS CHGD RGT DIR. 53 38 47 47 
TOTAL 7. CORRECT ... 82 80 79 78 79 78 88 79 

PCPHTFI8LE C) 
PRECIPITFITIOH VERIFICATION 

FROM S/ I/ 87 TO 9/ 31/ 87 FCSTR • FILL SEFISOH: BOTH 

CYCLE: BOTH PER JOD: ALL STATIOH: RAP 

I 2 3 FILL 
FCSTR MOS FCSTR MOS FCSTR MOS FCSTR MOS 

• FCSTS •...••.••.. 387 386 386 919 
08SVD PCPH FRED ••. 53 54 54 161 
MEAN POP .......... 28 17 28 17 19 17 28 17 
MEAN POP CDRYl .•••. 16 13 16 13 16 IS 16 13 
MEAN POP CWETl •.... 43 37 38 33 33 30 38 33 
8R I ER SCORE ....... Hl 18 II II 12 12 II II 
X IMPRV OVR MOS .•. 4 1 3 3 
7. MOS UHCHAHGED ... 89 91 91 98 
X MOS RAISED •.•... 6 7 5 6 
x MOS LOWERD •••... 3 I 2 2 
7. MOS CHGD RGT DJR. 59 44 sa 51 
TOTAL X CORRECT •.• 86 84 84 84 83 82 84 83 

j 
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Cf 

FORECAST 

OBSERVED 

IFR 

MVFR 

VFR 

TOTAL 

BIAS 

~ CORRECT 89 

FORECAST 

OBSERVED 

IFR 

MVFR 

VFR 

TOTAL 

BIAS 

~ CORRECT 86 

u 

FT CEILING 
-

IFR MVFR VFR TOTAL 

77 44 78 199 

22 79 105 206 

22 65 2764 2851 

121 188 2947 3256 

1.6 1.0 0.9 

LOG SCORE 3.9 IM/MOS 31.2 

VS. MOS 3.8 

MOS CEILING 

IFR MVFR VFR TOTAL 

56 35 61 152 

27 36 92 155 

38 63 1959 2060 

121 134 2112 2367 

1.2 1.1 0.9 

LOG SCORE 5.6 

STATION•ALL PERIOD•~ 

STARTING DATE•01/ 01 

CYCLE•BOTH FORECASTE 

·o 

FT VISIBILITY 

FORECAST IFR MVFR VFR TOTAL 

OBSERVED 

IFR 26 22 60 108 

MVFR 3 13 35 51 

VFR 12 30 3055 3097 

TOTAL 41 65 3150 3256 

BIAS 2.6 0.7 0.9 

~ CORRECT 95 LOG SCORE 1.5 IM/MOS 34.3 

VS. MOS 1.6 

MOS VISIBILITY 

FORECAST IFR MVFR VFR TOTAL 

OBSERVED 

IFR 24 9 51 84 

MVFR 7 4 28 39 

VFR 53 28 2163 2244 

TOTAL 84 41 2242 2367 

BIAS 1.0 0.9 1. 0 

~ CORRECT 92 LOG SCORE 2.4 ~ 
c-L SEASON•BOTH 

87 ENDING DATE• 12/ 31/ 87 

co 

I 
R• ALL 
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FORECAST 

OBSERVED 

IFR 

MVFR 

VFR 

TOTAL 

BIAS 

l'. CORRECT 86 

FORECAST 

OBSERVED 

IFR 

MVFR 

VFR 

TOTAL 

BIAS 

l'. CORRECT 82 

FT CEILING 

IFR MVFR VFR TOTAL 

74 42 46 162 

20 50 56 126 

16 33 1291 1340 

110 125 1393 1628 

1.4 1.0 0.9 

LOG SCORE 4.9 IM/MOS 35.4 

VS. MOS 4.7 

MOS CEILING 

IFR MVFR VFR TOTAL 

53 32 37 122 

23 20 52 95 

27 38 903 968 

103 90 992 1185 

1.1 1.0 0.9 

LOG SCORE 7.3 

STATION•FSD PERIOD•~ 

STARTING DATE•01/ 01/ 

CYCLE•BOTH FORE CASTE 

u 

! 
' 

FT VISIBILITY 

FORECAST :IFR MVFR VFR TOTAL 

OBSERVED 

IFR 26 21 47 94 

MVFR 3 13 34 50 

VFR 6 20 1458 1484 

TOTAL 35 54 1539 1628 

BIAS 2.6 0.9 0.9 

l'. CORRECT 91 LOG SCORE 2.4 IM/MOS 37.8 

VS. MOS 2.4 

MOS VISIBILITY 

FORECAST IFR MVFR VFR TOTAL 

OBSERVED 

IFR 24 9 39 72 

MVFR 7 4 27 38 

VFR 40 27 1008 1075 

TOTAL 71 40 1074 1185 

BIAS 1.0 0.9 1.0 

l'. CORRECT 87 LOG SCORE 3.9 ~ 
~L SEASON•BOTH 

87 ENDING DATE• 12/ 31/ 87 

a 

J 
R• ALL 

.CJ 
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FORECAST 

OBSERVED 

IFR 

MVFR 

VFR 

TOTAL 

BIAS 

" CORRECT 92 

FORECAST 

OBSERVED 

IFR 

MVFR 

VFR 

TOTAL 

BIAS 

" CORRECT 90 

u 

FT CEILING FT VISIBILITY 

IFR MVFR VFR TOTAL FORECAST IFF~ MVFR VFR 

OBSERVED 

3 2 32 37 IFR 0.0 1 13 

2 29 49 80 MVFR 0.0 0.0 1 

6 32 1473 1511 VFR E; 10 1597 

11 63 1554 1628 TOTAL E; 11 1611 

3.3 1.2 0.9 BIAS 2.3 0.0 1.0 

LOG SCORE 2.9 IM/MOS 23.3 " CORRECT 98 LOG SCORE 0.6 

VS. MOS 2.9 VS. MOS 0.7 

MOS CEILING MOS VISIBILITY 

IFR MVFR VFR TOTAL FORECAST IFR MVFR VFR 

OBSERVED 

3 3 24 30 IFR 0.0 0.0 12 

4 16 40 60 MVFR 0.0 0.0 1 

11 25 .1056 1092 VFR 13 1 1155 

18 44 1120 1182 TOTAL 13 1 1168 

1.6 1.3 0.9 BIAS 0.9 1. 0 1.0 

LOG SCORE 3.9 " CORRECT 97 LOG SCORE 1.0 

STATION•RAP PERIOD•~ r-L SEASON•BOTH 

STARTING DATE•01/ 01' 87 ENDING DATE' 12/ :31/ 87 

CYCLE•BOTH FORECASTE ~' ALL 

TOTAL 

14 

1 

1613 

1628 

IM/MOS 

TOTAL 

12 

1 

1169 

1182 

·o 
. 

20.6 

i 

~ 
(X) 
(X) 
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1. Introduction 

CENl'RAL REGION APPLIED RESEARCH PAPER 88-6 

Steven D. Sclrurr 
National Weather Service Forecast Office 

'lbpeka, Kansas 

CRH SSD 
CRARP 88-6 

This :r;aper describes the procedures developed by the author for preparing 
the IlOiltbly Storm Data report for Kansas. These procedures proved an efficient 
as well as effective approach to CO!ililing data an:i preparing required 
sul:missions. They are presented here with the h::Jpe they might assist other 
Wamings an:i Preparedness Meteorolegists (WEM' s) an:i others wl:x:> prepare Stonn 
Data. 

The author served as WEM for Kansas an:i prepared Sto= Data reports fran 
Octcber 19 80 through Septaroer 19 ff7. These procedures represent seven years of 
experience, an:i have evolved over the years into an efficient, CCillPllter-assisted 
process. 

Stonn Data serves two nain functions. It is a record of all reported 
severe an:i danaging weather, an:i reported injuries an:i deaths related to adverse 
weather. Secon:lly, it serves·as a data base of weather events used to evaluate 
watches am. warnings. '!his data base is used for a variety of research purposes 
as well. It is :i.nportant to keep these two J;;I.IIPOSes in mind through the entire 
preparaticn process, so the final report will satisfy both functions. 

The preparation process includes five general tasks. They are: g:~.thering 
data, assalbling data, writing the report, printing, an:i finally, sul:mitting 
input to Outstanding Stonns. 

2. Gathering Data 

The Stonn Data preparer should investig:~.te all practical infornation 
sources for data on weather events. Examine all products generated by the 
weather office, incltrling statarents, warnings, IDeal Stonn Reports (LSR's), and 
logs. It helps to org:l.nize all wsro and WSO products related to severe weather 
each day. A stack of each day's products, in chronolegical order, with LSR's en 
top follc:wed by warnings, watches, staterrents, logs, and work sheets proved to 
be an efficient apprcach. These daily stacks allc:w quick and easy access to all 
se.rere weather-related products. 
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Additional infomation can be cbtained by calling county anergency pre­
p!redness officials, sheriffs and similar sources that may have knc:wledge abalt 
the e.rent. Furthemore, newsp!per clippings and ID:>tographs that II8.y be useful 
for identifying unusual stonns for inclusiro in the outstanding storms section 
of Stmm Data. A WS Fo:z:m F-61 (Severe Sto:z:m Report) II8.Y be II8.iled for 
infomatiro en a p!rt~cular stom, but a ph:me call usually prwides oore 
ccmplete infomation in less tine. 

Check the SELS list of severe weather e.rents ('IOPsrA'IDP in AroS for 
Kansas). It lists e.rents taken fran statements, warnings, LSR 's, cbservations, 
and other products. The SELS list is ro longer a source of e.rent infomation 
for verification. Stom Data is rrM the ally source for such chta. The SELS 
list is used for prel:iminazy verification only. HcMever, it is a good p!rtial 
record and starting point for examining severe weather e.rents, tlxlugh. 

Of course, rothing else can be as canplete as an on-the-spot survey. The 
IIOSt dana.ging and severe e.rents should be surveyed if at all possible. 

A log (in a spiral p!d) including each se.rere weather e.rent has proven to 
be valuable (see Figure 1) • The log gives a c:arplete list of all severe weather 
events throughout Kansas. This log might also be kept en a word processor, 
perhaps in a chta base that wc::W.d aid verification. 

It is :important to docunent details about a stom as soan as possible after 
it occurs. Details teirl to fade fran manory weeks or e.ren cays after an e.rent. 
Just a f61l notes scratched on a pad can be extrellely valuable ·later. 

A list of all 'tarnings issued in Kansas is then prepared. The SELS list 
('IOPSI'A'IOP) includes warnings, but it sanetimes has mistakes. A log like that 
in Figure 2 II8.Y be re:Lpful. It gives a CCIIIPlete list of 'tBrnings issued and 
provides a data base for examining verification, bias in issuing warnings for 
certain crunties, and other statistics. The SELS list of warnings is used for 
verification, so it is :important to assure it is correct. A log of all \'atches 
issued within the state (see Figure 3) nay also be valuable. 

3. Assanbling Data 

After all the data is gathered, assanble it so it can be used efficiently. 
In Kansas, each WOO prep:ires an initial version of Sto:z:m Data that includes 
events in their individual 'taming az:ea. The severe weather e.rents log and 
warnings log are used to prep:ire a list in a Supe:rwriter file that is sent 
through AroS to the Kansas weather offices. The stom report list (see 
Figure 4) sh:Jws all events and 'tamings by warning area. N:>te also that the 
list shows preliminary verification statistics. It is a sillple II8.tter to can­
p!re an event to the 'tBrnings list to dete:z:mine if a warning was in effect at 
the tine of the e.rent. It is also sinple to dete:z:mine if a 'taming is verified. 
The figure sh:Jws data for Septa!Der 1987, a relatively sinple rronth. The systan 
seaned to work best when prep:ired a week at a tine. Second and succeeding 
weeks' entries are added to entries fran the first week each rronth. At the end 
of the rronth the file inclu:ies all e.rents and warnings for the entire oonth. 
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Figure 1 Severe weather event log. 
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Fo•M CD-2' u.s. DEPARTMENT OF COMMERCE 

CJ 
'12.11.~1) 

Warnin!s Loq 1987 Pg 10 ... WORKSHEET 

Mo. Day Typ Of Start End Counti< s 

- 9 9 s c 1831 1930 N Lin~< n - 9 s c 2002 2100 E Sali 0. 

- ' 10 T D.J 1839 1940 Pinney, askell,S !ward J 

I - 10 s D 2139 2240 NW !Ciow E Pratt - 14 s T 0733 0830 Marshal 

- 14 s T 0927 1030 s Nemah NE Pott watomie ackson 
14 s T 1033 1130 Jackson llll Jeffe ~son W At l::hison 

--::: 14 s T 1130 1230 llllliX Ja bkson 
.--:: 14 s K. 1148 lllllll 12 5 Leave worth 

- 14 s K 1214 1315 Johnson Wvandott 

- 15 s w, 1722 1820 Chautau rlla 

- 15 s w-Y 1745 1850 ~ Montq m;;r-;o. Wil en 

1- - 15 s WJ 1800 1900 Chase 

- 9 s c7 1510 1610 Smith 
~. 9 s C.f 1520 1620 Jewell . 

't- - 9 s c ,, 1608 1710 . E Smith Jewell 

- 9 s Cll 1641 1740 E Osbor e.W Mite hell 

- 9 s Cv" 1725 1830 Mitchel ,E Osbo pe 

' 

·. 
' 

l 
.• 

I 

* U.S.GOVCftNMCHT' "'IHT1HQ OPP'ICC 1-'2-,...1& 

Figure 2 Log of warnings issued• 
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ro1u1 CD-2' u.s. DEPARTMENT OF COMMERCE 
f1%.11 • .t&J 

Watch Loq 1987 Pq 2 .•. WORKSHEET 
. 
i Ho Day #&Type Start End Section 

6 29 283 s 1430 2100 SW SC,SE 
7 1 293 T 1530 2100 ~.we sw 

1 296 s 2100 0200 ~we sw 
2 297 s 0200 0700 iSW sc 
4 309 s 0315 0800 SW SC SE 

- 4 311 s 0800 1400 SE -
5 316 s 0200 0800 c sw sc E 
5 317 s 0515 1111000 ~ SE 
5 322 s 1111745 2300 EC,SE '1943 
7 339 s 1830 2400 NW,NC 9 NE wc,c,EC 
ll7 341 s 2330 08/0400 NC C EC ESC SE 2241 

: a 344 s 1900 2400 NW we sw 
9 350 s 1445 2200 NE C EC 1730 
11 368 s 1945 12/0100 NW NC WC c sw sc •.. 11 369 s 2315 12/0400 "c NE 

r 12 370 s 0100 0600 NC NE C C SC SE 
12 371 s :DUBX 0330-09 0 NC NE C EC SC E 
12 376 s 1530 2200 SC SE 

·, 
14 388 -- s 1445 2100 sw sc 

.. 8 6 473 s 1615 2300 NW NC N we c E 2030 
1 I 474 s 1515 2100 NW NC N we c E 

17 490 s 2100 18/03 NC NE C EC SC 
19 494 s 1300 2000 NC NE C EC 
19 495 s 1645 2200 EC SE 
25 SOl s 1800 2300 NC,NE,C EC 2052 

9 14 521 s 1015 1500 NE,EC 
15 525 s 1400 1900 sc,sE,c ,NC 

9 508 s 1500 2100 Nc we c sw sc 
.LU ~u 540 s 1530 2000 sc ~930 

I . 

I 

-! 

' I . .· 

I 
,:r US. GOVtr .. HMENT .... IHTIHG O,.,.,CI: I 1172" 7 ... 11S 

Figure 3 U:>g of all watches issued within the state. 
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///SAVE A COPY FOR THE OIC/// Uso PRINT:TOPAOKTOP to get oil pages, 
Susoory of Severt Weather Events ond wornings for Soptoober through 
9/23, 

Eoch ovont should bt listod in your Storo Data writt up. 

Codeu S•SVR T•TOR F•FFW ••on SELS list tTOPSTATOP! 
s•SVR in efftct ot tioe of ev•nt 
t•TOR in effect ot tlst of event 
lv• I of caunti11 verified by wind or hoi! 
IV• I of counties verified by Tornodo 

CONCORDIA's EVENTS: WARNINGS: 
s09 •1~50 3/4'A Lebonon 1v 09 s 1~10-1610 Soith 
!09 •1550 1'A Burr Oak 1v 09 s 1~20-!620 Jowoll 
s09 •1622 1'A Monkoto 1v 09 s 1608-1710 E Soith,Jewoll 
s09 1642 1'A Osborne 2v 09 s 1641-1740 E Osborne,W Mitchell 
s09.:f!644 2'A Dawns Ov 09 S 1725-IB30 Mltcholl,E Osborne 
:;09~11650 3J4•A C.l~kar City Ov 09 s !931-!920 N Linc:oll'! 
•09' •1719 3/4'A Glen Elder Ov 09 s 2002-2100 E Soline. 
09 tf.OOO GSA BE Salino 
!4 •0722 !.~'A Nr Honover 
IS tl90~ Slkt SLN Arpt 

DODGE CITY's EVENTS: WARNINGS: 
10 fl830 70oph&GBA Gardon City 
10 f!830 70oph&GBA Sublotte 

Ov 09 T 1839-1940 Finney,Haskell,Seward 
Ov 09 S 2!39-2240 NW Kiowo,E Pratt 

· 10 t1830 70oph&GBA Liberal 

GOODLAND'S EVENTS: 
NONE 

KANSAS CITY'S EVENTS: 
s14 fl208 I'A Tonganoxie 
s14 •1230 70oph KC 1 Ks 

TOPEKA'S EVENTS: 
s14 >0803 GBA Breoen 
s14 •0927 GBA Baileyville 
sl4 •1125 GBA Valley Foils 

14 t!!45 GBA 2S Oskaloosa 
15 t2000 3/4'A MHK Arpt 

WICHITA'S EVENTS: 
siS t!731 70oph&3/4'A Sed•n 
I~ >1752 3/4'A Cassoday 

NNNN 

WARNINGS: 
NONE 

WARNINGS: 
lv 14 S 1149-1245 Leovonworth 
lv 14 S 1214-131~ Johnson,Wy•ndotte 

WARNINGS: 
1v 14 S 0733-0830 Marsholl 
!v 14 S 0927-1030 S Neoaho 1 Jackson 

NE Pottawotooie 
!v 14 S 1033-1130 Jackson,Jefferson, 

W Atchison 
Ov 14 S 1130-1230 Jackson 

WARNINGS: 
!v !5 S 1722-1820 Chautauqua 
Ov 15 S !745-1850 N Montgooery,Wilson 
Ov 15 S 1900-1900 Cha5e 

Figure 4 Su!mary of severe weather events and wa=ings. 
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Kansas WOO's use the data en the Sto= D:l.ta list and add to it any addi­
tional info:rnation they might l:ave. They then write tbe initial report of 
events in their mrning area and seirl it through AroS back to Topeka. The WIM 
in Topeka then preprres tbe final report. 

4. Writing the Report 

Remember to consider tbe two nain functions of Stonn D:l.ta when writing the 
final report. M3ke sure each event is listed properly with the correct tine and 
date. Check the stonn report (Figure 2). Remember, for verification, events 
within ten minutes and within 15 miles of cne another in the sane county are 
ccnsidered as a single event. Q:nsequently, if large hail fell at a point in 
county A and also at a point eight miles C!JilaY ten mirrutes later, only the first 
hail report is used for verification. If, instead, the secord event was either 
rcore tt.san ten miles aH-ay, m:::;re ti".an 15 rrdnutes later, or in &'"'lOti'.LE;r county, both 
events should be included for verification. In any case, all severe weather 
events IIUlSt be included in the report, whether they are used for verification or 
rot. 

Be sure to include sufficient detail to describe the event adequately. The 
110re significant the stoD!l, tbe greater the need for accurate detail. 
Concentrate an th::>se sto:rms that cause great danage, injuries or loss of life. 
Sh:>rt, general des=iptions are sufficient for relatively insignificant events. 

Include each irdividual event an a separate line prior to the narrative. 
Only tlxlse events listed in that nanner should be included -for verification. 
Tlx>se found c:nly in tbe narrative are rot rorrrally included for verification. 

Follow WSOM' s F-42 and C-72 and exanples sl:x:Jwn in than closely wren preprr­
ing the report. Irdenting the location within a county ene space to the right 
seans to nake both the county name and location stard out better. 

The report for the Topeka and Kansas City mrning areas (since Kansas City 
has just seven Kansas counties in their -rning area, Topeka writes its part of 
the report) is written first. It is entered in a Superwriter file en the IBM PC 
and stored en floppy disk. Reports fran each WOO are added as they care in. 
Sare events are canbined when they cross mrning area boundaries. Sare other 
adjustments to the WOO reports are also usually required. 

The IBM file used (see Figure 5) is in a fo:rnat that could also later be 
printed directly on the WS FOD!l F-8. Line width is set at 72 (the IIBXimum for 
AroS) and tabs set at 20, 24, 33, 37, 41, 44, 47, 50, and 53. The final 
version, including entries fran all six warning areas in Kansas, like that in 
Figure 5 is sent through AroS to all Kansas WOO's including Kansas City. Each 
area is then examined for dis=epancies. 

5. Printing 

The final report in the fonn sl:x:Jwn in Figure 5 is then adjusted so it can 
be printed directly onto WS FoDil F-8. The only steps required to put_ it in the 
proper fonn are: strip off the header (down through the line of dots en 
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///SAVE A COPY FOR THE OIC, use PRINT:TOPADKTOP caooand to get 
ill pages/// 

Check entries in your warning area, and let •• know if changes need 
to be o1do. I plan to typo the final version taoarraw oarning i0/27. 

REMEMBER: Staro Data is the only source far event data far wlrnings· 
vorificatian. If an event is in the fallowing lfst it will bt 

"included Hhtn caoputing vtrificltian statistics. If it is nat listed, 
it will nat be included. SELS list of warnings is still tho official 
list. I found no discrep1ncies in SELS list of Sopteobor warnings • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Soi th Co 
Lebanon 

Jewell Co 
Burr Oak 
M1nkata 

Osborne Co 
Osbo~;ne 
Downs -. 

Mitchell' Co 
CaNker City 
Gltn Elder 
Befoi t 

Saline Co 
SE Salina 

Kurny Co 
Lakin 

Haskell Co 
Sublette 

Seward Co 
Liberal 

09 1550CST 

09 1550CST 
09 1622CST 

09 1642CST 
09 I644CST 

09 
09 
09 

1650CST 
1719CST 
1738CST 

0 0 2 4 Hd I I. 75) 

0 0 2 4 Hail II.Ol 
0 0 2 4 Hail 11.0) 

0 0 2 3 Hail 11.0) 
0 0 3 3 Hail 12.0) 

0 0 2 3 
0 0 2 3 
0 0 2 3 

Hail 1.75) 
Hail (.75) 
Hail 1.75) 

A cluster of severe thunderstar•s moved across 
Soith and Northern Osborne Counties into Jewell 
1nd Kitcholl Cauntios. Largo hail daoagtd oilo 
and earn throughout the storms' path 1 and it 
also damaged roofs and cars around Downs. 

09 2000CST 0 0 2 3 Hail 11.75) 
A thunderstoro dropped galfball sizo hail that 
daaaged crops east of Salina. 

10 1815CST 

10 1825CST 

0 0 3 5 Hail 11.75) 

0 0 3 5 Hail 11.0), 
TSTM Wind !61) 

10 1828CST 0 0 3 4 Hail !.75), 
TSTM Wind to!) 

A line of thunderstorms dropped large hail and 
produced wind gusts estimated at 70mph in spots 
fro• Lakin to Sublette and Liberal. Sevoro crop 
damage was done in a strip 8-10 miles wide from 
10 ~iles north of Lakin to Sublette. Hail covered 
the ground several inches deep in same spots. Hail 
also killed nearly a thousand ducks northeast of 
Lakin at Lako McKinney. 
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Wuhington Co 
Hanover 

Marsh•ll Co 
Bre1en 

Neuh• Co 
Bailey vi lit 

Jefferson Co 
Valley Falls 
Oskoloos• 

Leavenworth Co 
Tonganax i 1 

Wyandotte Co 
Kanus City 

.' 

' • 

Chautauqua Co 
Sedan 

Butler Co 
Cusoday 

Montgomery Co 
Cofhyvi lie 

Saline Co 
Salina Airport 

Riley Co 
Manhattan Arpt 

14 0706CST 

14 OS03CST 

14 0927CST 

14 1125CST 
14 1145CST 

14 120BCST 

14 1230CST 

0 0 4 5 Hail 11,5) 

0 0 4 5 Hail 11.75) 

0 0 4 5 Hail 11.75) 

0 0 4 3 Hai I I I. 75) 
0 0 4 3 Hail 11.75) 

0 0 3 3 HAil 11,0) 

0 0 3 0 TSTH Wind 161) 

CRARP 88-6 

A cluster of severe thunderstar•s for1ed near 
Washington and 1oved east through Marysville to 
Seneca. The staros then turned southeast •nd 
oaved through Oskaloas• and Kans•s City. Golfb•ll 
size hail fell over a good thart of Marshall and 
Western NeMaha Counties; and again later around 
Oskolaou • 

The Bremen and Herkimer co••unities, northwest of 
Marysville, caught tho worst of tht star•. Five and 
a h•lf inches of rain fell in just an hour. Hail 
stripped craps, brake out. windows and damaged roofs. 
Runoff took out twa bridgos on rural roads north 
qf Herkimer. 

IS 1731CST 0 0 2 2 TSTH Wind 161) 1 

Hai I I. 75) 
A thunderstorm produced wind gusts estim•tod at 
70 mph •nd dropped 3/4 inch hail at Sed1n. 

15 1752CST 0 0 2 2 H1il 1,75) 
Three quarter inch hlil fell for a .short time at 
C1ssoday, 

15 ISISCST 0 0 3 0 TSTH Wind Dog 
A wind gust lrao a thunderstoro tore p1rt of tho roof 
off a youth center in Coffeyville, 

IS !904CST 0 0 0 0 TSTH Wind IS!) 
Outflow thunderstorm winds produced a gust measured 
at S9oph at the Salina Airport. No damage resulted. 

15 2000CST 0 0 2 0 Hail I. 75) 
A thunderstorm dropped 3/4 inch h•il briefly •t the 
Manhattan Airport. Little damage resulted. 
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Rice Co 
4E ~yons 

NNNN 
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0 0 4 0 ~ightning 28 OIOOCST 
~ightning killed 
east of ~yons. 

II h••d of c•ttlo in & pisturo 

SPECIA~ HAl~ SUHHARY 

K•nsas-Oklaho•• H•il ~oss Servict reports ·indicate 
h•il was especially daeaging to crops in the listed 
counties on the following dates: 

09 Brown,Ford,Jowell,Soith 
10 Flnnty 1 Hiskoll,Stevens 
II Ktarny 
14 Harshall,Neoahi 1Washington 
I~ Edw&rds,St•fford 
21 Gr;nt 

Figure 5 EKample of Kansas StODll Data report prepared en an IBM K: using 
Superwriter and sent to Kansas WOO's (including Kansas City) 
ti=ugh AFOS • 
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Figure 5), strip the four n's off the er:rl and change the tabs for proper 
spacing. The final r~rt nrust be letter quality, so it is printed an the 
secretary's NEC M:lde1. 2000 printer which has 12 characters per inch and 66 lines 
per page. The AroS versicn is altered as foll0o1s: changed line width to 85 and 
tabs to 22, 27, 36, 43, 50, 55, 61, 67, and 71. The printer is set so it will 
print the fo= properly. For the NEC, this neans aligning the paper so the 
print read is an the left edge of the fonn and en the black lim at the top of 
the fonn. Next, the print fo:rnat settings are changed to a page size of 66, a 
top nargin of 10, and a bottan nargin of 12. The NEC prints in the proper p:ut 
of the foDII, one sheet at a time using tmse settings. Finally, the foDII head­
ing is added using a simple SupeJ:writer file with the proper rronth and spacing 
to get the F-8 in final fo:rm (see Figure 6). 

Stozm Data is rrM carg;llete and ready to be nailed. The final Kansas r~ 
is sent to 11 sep3.rate addresses. 

6. Input to Outstanding Stonos 

The "Outstanding Sto:rm" section was added to the final publication of StoDII 
Data several years ago. It offers the opportunity to document the IIOst signifi­
cant storms with p!Dtographs, naps and other info:rnatian. 

Photographs are ootained fran newspapers and other sources. Include copies 
of the actual newspaper articles that included each proto. A copy of the final 
published version of Sto:rm Data should be provided to each person who allowed 
the use of a photo. Draw naps depicting s:noN depths, isohyets, and tornado 
tracks to help illustrate the extent of the event. Be as specific as possible. C) 
7. Cbn:lusion 

Stonn Data is a time constmdng and saretimes tedious task. An organized 
approach can make it IIOre efficient, and sanetirnes even challenging and fun. 
The process described above se:rves well. The auth:lr l:Dpes WPM's, MIC's, OIC's 
and anyone wl:D prepares Stonn Data finds sane value in it. 

8. A.ckncJwledgerents 

Thanks to Leo Grenier, NSSFC Verification Specialist, for suggesting I 
dOCU!leilt my procedures. Thanks also to Richard P. M::Nulty, DMIC WSFO Topeka, 
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WS P'OIItM 1'-1 
111-411 

STATE KANSAS 

PLACE 

Smith Co ' ,,,·; 
Lebanon 

Jewell Co 
Burr' Oak 
Mankato 

Osborne Co 
Osborne 
Downs 

Mitchell Co 
Cawker C.ity 
Glen Elder 
Beloit 

. '· 
. " 

:: 
Saline Co 

BE Salina 

Kearny Co 
Lakin 

Haskell Co 
Sublette 

Seward Co 
Liberal 

Washington Co 
Hanover 

Marshall Co 
Bremen 

f 
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U.S. DEPARTMENT OP' COMMERCE 
NATIONAl.. ,.. .... _..ANIC AND ATMOSPHERIC ADIUNISTRATION 

• NATIONAl. WllATHilR SltRYICII;. 

STOR~ ,;ATA AND UNUSUAL WEATHERPHE1V0MENA 
.... ' 14 MONTH AND YEAR SEPTEf.'BER 1987 

::r: ::r: NO. OF ESTIMATEDt 
1- 1-
~ ~- PERSONS DAMAGE - CHARACTER 1513 li..CJ) >-oo 0 1- OF ::r:::! a: 

0 w a: 
1-:::E i=~ a: w CJ) 

STORM w w w 0. <ll- ..1 ::::l 0. 
1- :::0 z 0 ..1 

.., 0 0 
<t - w §; S2 z a: a: c 1- ..1 - 0. u 

a~ i 15;;;cri · · 1 ~·.~· 1 ~ 1 ;; f! i.('; Haff··r: 1sr' 
I I • ·£1 ~·· 

o; 1 1550CST . ',i o I o 2 i 4 ... ;..Han Cl.O> 
09 I 1622CST i 0 0 2!tj 4..V, Hail (l.Ol 

09 i 1642CST I 1

1 0 0 l £~ 3/~ Hail Cl.Ol 
09 \ 1644CST: I , 0 0 I 3- 3.l~Hail (2.0) 

09 tl650CST! 1 I o 0 ! 2' 3/;Hail (.75l 
09 1 1719CST ·~ I i 0 I 0 I 2·~~ 3 /,·Hail C.75l 
09 ll73BCST 10 0 2-.S 3/;Hail C.75l 
A cluster of severe thunderstorms moved across \ 
Smith and Northern OsbornejCounties ~nto Jewell l 
and jMitchell Counties. Large hai.l damaged! milo !' 
and1corn throughoutjthe st6rms 1 jpath~ andj~t i. 
a 1 so damaged roofs and cars around obwns. I 

! 
09 2000CST 0 0 2' I 3 1 ~Hail C1.75l 
A thunderstorm dropped·golfball size hail that !' 
damaged cropsleast of Salina. I I . I I . ,. ..('"1 ; 
10 I1Bl5CST! 0 I 0 3-! 5 ~Hail (1.75) 

10 i 1825CST I I ! 0 0 3-1{~ Hail Cl.Ol, 
j I ! i TSTM Wind C61l 

10 1B2BCST I i o ·o 1 3l 1 4
2!, Hail c. 7Sl, 

I I 1 1 1 1 ; TSTM Wind C6ll 
A line of thunderstorms dropped, large hail; and i 
produced windj gusts: estimated a~ 70mph 1n :spots '· 
from Lakin to! Sublette andJLiberal. 1 Severe cro~ 
damage was done in a stripiB-10! miles w1de' from;, 
10 miles north of Lakin to! Sublette.; Haili covered 
the•ground several inches deep in some spo~s. Hail 
also killed nearly a thousand ducks northeast of 
Lakin at Lake. McKinney. 1 , 

! •I 
;!D (oc 

14 0706CST 0 0 4 5 Hail (1,5) 
' ~D fS" 

14 0803CST ; 
' i 0 i 0 I 4 I 5 , Hail (1.75) . ' ! i ! ' ·, . 
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WS FORM 1'-1 
(11-111 

STATE KANSAS 

PLACE 

Herkimer /.d/; ' 

Nemaha Co 
Bafleyv1lle 

Jefferson Co 
Valley Falls 
Oskaloosa 

Leavenworth Co 
Tonganoxie 

Wyandotte Co 
Kansas City 

:'. 

Chautauqua Co 
Sedan 

Butler Co 
Cassoday 

Montgomery Co 
Coffeyv111 e 

Saline Co 
Sa 11 na Airport 

CRARP 88-6 

u.s. DEPARTJ&EHT OF COMMERCE 
NATIONAl. ~AHIC AND ATMOSPHERIC ADMINISTRATION 

•' NATIONAL. W.EATHII:ft Sll:ftYIC.E . 

STOR~ uATA AND UNUSUAL WEATHER PHEJ~uMENA 
14 MONTH AND YEAR SEPTEI'BER 1987 

:I: :I: NO. OF ESTIMATEDt 
~ 1-

PERSONS DAMAGE <t o.;_ a. 'iii CHARACTER 15!3 >-
IS~ 0 1- OF :I:::! L1J a:: 

t!;~ j:g 0 a:: L1J en STORM L1J L1J L1J a. a. ..J ::l 1- ::::;: z 0 ..J ..., 0 0 
<t - L1J §: S2 z a:: a:: 
0 1- ..J a. (..) 

1

•14! 0820CST. ·• I!'"' • 0 • 0 4:Jg 5L(oHa1l . .cl.75l• 

14 i 0927CST I I l o \ o l 4.;1+ s.t"6 Ha11 n. 75l 

14 : 1125CST: ! ~ 0 1 0 I 4/ot 3 ~ Hail (1, 75l 
14 j 1145CST i I 

1
. 0 I 0 I 4tcj 3 .r Ha11 (1. 75) 

14 j 1208CST! I , 0 0 I 3}, 3~ Hail (1,0) 
. I I . I . 

14 j 1230CST! 1 l 0 1 0 1 34i 0 : TSTM Wind (61) 
A cluster of •severe thunderstorms formed near ; 
Washington arid moved east ~hroligh Marysville to ( 
Seneca. The !storms then turned sou-theast Jand j 
moved througH Oskal'oosa an'd Kan'sas City, 1Gol fball 
size ha11 felll ove~1 a good! share of !,Marshall and 

i ' ! . 
Western Nemalia Counties; and again 1ater a. round 1 
Oskaloosa. J I I I I i 
The,Bremen a d Her~imer communities ~orttlwest of 
Marysville, ~ught ~he wor~t o~ the storm~ Five and 
a half incheS' of ra•in fell! in just an hour. Haf.l 
strjpped crop's, bro'ke out windo\.s and dam~ged roofs. 
Runoff took. o'ut two' bridge's on 'rural roads nortli 
·.of Herkimer. 

1 I I I 
15,1731CST · I ... 0 0.- .. / '{ li TSTM Wind (61), 
· I · Ha11 (.75) 
A thunderstorm produced wind gusts estimated at! 
70 rilph and drbpped 3/4 inch hai~ at !SedanJ ! 

i i I I . ,_(j ,). 
15 1 1752CSTJ I 0 · 0 2 1 2 j Ha11 (,75l 
Three quarte 

1 
inch hail fell for a short time at 

Cassoday. 1 ; ! I I : \ · 
: ! : i j ; 

: I j \ : ~: 
15 . 1815CST i . ! 0 I 0 , 3 0 '. TSTM Wind Dmg 
A wind gust from a thunderstorm' tore part 'of the roof 
off~ a youth center 'in Coffeyville. : ' 

15 1904CST . 0 0 0 0 TSTM Wind (51)' 
Outflow thunderstorm winds; produced a gust measured 

I ~ 0 I •• 
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WS FORM F-1 
111-au 

STATE KANSAS 

PLACE 

: , j ; ! llo j .• :~!·II'! i 

Riley-Co 
Manhattan Arpt 

· R1ce Co 
4E Lyons 

.~· 

.r:· 
: ,. 
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NATIONAl.. 
U.S. DEPARTMENT Of COMMERCE 

•ANIC AND ATWOSt'HEfUC ADMINISTRATION 

STORi.-. JATA AND UNUSUAL WEATHER PHENOMENA •••••••• ............ c. 
14 MONTH AND YEAR . SEPTEI'BER 1987 . . 

:r :r NO. OF ESTIMATEDt 
~ 1-

PERSONS DAMAGE ~~ ~~ CHARACTER 
~13 Lt.."' >-oo 0 1- OF :r:! a: 11.1 a: 
t;~ i!=g 0 a: 11.1 (/) 

STORM 11.1 11.1 11.1 a. a. 
1- :::;: z 0 ...J .::;) 

0 0 ...J 
.., 

<! - 11.1 3: z a: a: c 1- ...J s;: - a. (.) 

at 59mph·.at1 the ·Sal.1na•,Airport, No .damage resulted.,; ... • .... ; · 1 
I I I I l : 
I I t ·li 

15 1 2000CST I i 0 0 2 i 0 [Hail (.75) 
A thunderstorm dropped 3/4Jinch1 hail, briefly at,the 
Manhattan Airport, 1 Littlei damage resulted, l 

281 o1oocsr i I . ·1 o I o I ;o! o ! Lightning 
Lightning k1l~ed 11 head of cattle in a pJsture! 
east of Lyons•. · · ... · · ' · · · I 

1 SPE~IAL HAIL SUM~Y . ! 
I I I I . i I ' 

Kansas-Oklahoma Hai~l Loss Service reports lindicate 
hai1 was especially damag1rg tol crop's in the listed 
counties on the following Hates. I 
09 Brown,Fo~d,Jewell,Smilh I 
10 · Finney,Haskell~Stevens · · · ... · · ---- · I 
11 1 Kearny l I I 
14 Marshall Nemaha,washington ! 
15 Edwards, Stafford I ! 
".I """ I - .I . - • .. -~-:- . -· ·- ... , 

I I ! 
I I i i 

.1 I I ,i 

: I I I 
! i ! i 
I ' ~ 

I 
. i 

' I 
I 
' . 
' 
' 
! 
I 

I 

f I 
i ! I 
' i 
I i 

! '· ' 

' ! 
·. 
I 

-
·• 

Figure 6 Example of final WS Fonn F-8 prepared using IBM FC Supe:rwriter 
file. 
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USE OF LONG-WAVE'S IN PORECASI'ING 

1. L'Plt::ruiuction 

carl E. Weinbrecht and Charles MYers 
National Weather SeJ:Vice Forecast Office 

Des M::lines, Iowa 

CRH SSD 
CRARP 88-7 

The follaring case study illustrates the usefulness of the lang wave 
theo:cy. This concept provides a framework for forecasting. It is one of the 
first steps of the forecast funnel as proposed by Snellrran (1982) and Bullock 
(1986). This concept gives the forecaster a tool which enables one to clx:x:lse 
the proper rrodel in difficult situations. NJI'E: For an in-depth discussion 
of lang wave theo:cy see Dunn (1986). 

2. case study 

On the Janua:cy 28, 19 87, an examination of the 24 and 3 6 hour Regional 
(RGL) 500 1lD progs imicated a strong vorticity rraximum of 24 units digging 
northeast fran Utah to central Kansas, then eo.st-northe3.st into central 
Illinois (Figs. 1 and 2) • The cold air at lOOT levels insured ai:\Y precipita­
tion that would fall would be in the fonn of SOCM. Strong dynamics indicated 
by the RGL would creo.te significant ~vertical !lOtion, rapidly saturating 
the layers. 

Goree and Younkin (1966) (hereo.fter referred to as GY) state that the 
!lOst favorable locations for !!Ore than four inches of snaolfall with respect to 
the 500 nb vorticity center is about 6.5 to 7 degrees latitude cbmstream and 
2 .5 degrees to the left of the track of the rraximum during the follaoTing 12 
hours. If the RGL guidance was accepted and GY's =iteria used to predict 
=re than four inches in 12 hours, a band would likely develq;> across I!Blch of 
ICMa stretching into northern Illinois and southern Wisconsin and it would 
begin early an the 29th in ICMa. 

Sizx:e the RGL hit the track of a sto= that went through northern and 
central Missoori al!!Ost perfecUy the previous week and since the RGL's recent 
perfonmnce was fairly good, it would folla-~ that the RGL was the IlOdel of 
cooice. At this point, a forecaster would sericusly consider issuing a winter 
stoDil watch and, in fact, winter stoJ:IIl watches were issued for northern 
Illinois and scuthern Wisconsin. 

On the other h:m:l, an examination of .. the Aviation .(AVN)rrodel indicated 
the vorticity IIBX:irm.m was considerably less intense and its track would be 
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farther rorth. Using GY's net:h:Xi with the AVN guidance, a snt::M band would be 
expected to fall over soutbern Minnesota, extrema northeast Iowa into centJ:al 
Wisconsin. Altl:ough snt::M was likely, the forecast of weak dynamics would 
suggest that only weak up.erd vertical rrotic:n ard consequently less snt::M would 
occur (Figs. 4 ard 5) • A winter stcmn watch using the AVN solution would not 
be necessary. 

A dilama. rr111 occurs. Which rrodel does cne use? A krrlliledge of the long 
wave th:!ocy provides a clue as to deciding the m:del of choice. In this case, 
the long waves were nearly stationary, ard would stay nearly stationary 
through the forecast period. A long wave trough existed along the Fast Coast 
with a long wave ridge along the West Coast •. 

This can be detennined by: 

A. Aniiration of t:l-JS last five da:r~ of the N:irJ"-~-n P ... end.sphere 500 rrb 
initial analysis (IM:n:RGAH). 

B. Anination of the last five days of the 500 mb 0-5 wave chart 
(NMCGHGT5). 

c. Anination of the last five days of the height change chart 
(!Mn:RGAC) • 

D. Anination of the 500 mb MRF through 132 hours • 

'lb detennine which rrodel to use, eJ<amine the behavior of each m:del 's 
short waves forecast checking to see if the short wave follCMS the long wave 
theocy. In this case, the srort wave should slide dam the west side of the 
long wave trough in an orderly IIBlliler. The 500 mb short wave trough will 
intensify at a steady zate before it m:Nes northeast and weakens as the short 
wave trough m:JVes up the ridge along the Fast Coast. 'lb determine if the 
sh:>rt wave trough is indeed deepening, follow a 500 nb decaneter height. 
Using the 546 decameter height line, one cbse:tVes that the RGL height does rot 
change in latitude fran 24 through 48 hours as the system m:Nes east. The 
AVN on the other hand has falling 500 mb heights as the short wave m:Nes east 
(Figs. 3 ard 6). 

The AVN goes along with lc:ng wave theocy. The RGL does rot. The fore­
caster should use the AVN m:del for guidance. Renarber, do rot follow the 
imividual vorticity centers to see if the trough is deepening, look at the 
500 mb heights with tine. In this case, the first vorticity center m:Ned 
northeast ard weakened. rater, another vorticity center developed to the 
soutm/est of the first vorticity center ani m:Ned northeast as the trough 
deepened. 

The AVN inieed was the better rrodel. One to two inches of snt::M occurred 
over extrema northern Iowa ard southern Minnesota. Three to five inches of 
snow occurred fran extreme rortheast ICJ~oia, to centJ:al Wisconsin. 
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